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INTRODUCTION

This document presents the response from the Environmental Protection Agency (EPA) to the
comments and questions raised by the independent Peer Reviewers following their review of the
Modeling Framework Design document (MFD) for the Modeling Study of PCB Contamination
in the Housatonic River. This document, referred to herein as the Responsiveness Summary, has
been prepared as part of EPA’s obligations under Paragraph 22.h and Appendix J of the
comprehensive agreement relating to the cleanup of the General Electric (GE) Pittsfield,
Massachusetts facility, certain off-site properties, and the Housatonic River (referred to as the
“Consent Decree”). The Consent Decree was entered on October 27, 2000, by the United States

District Court of Massachusetts - Western Division, located in Springfield, MA.

Under the terms of the Consent Decree, EPA is required to develop, calibrate, and validate a
model of the fate, transport, and bioaccumulation of polychlorinated biphenyls (PCBs) in the
area referred to as the ““ Rest of the River,” defined as the area downstream from the confluence
of the East and West Branches of the Housatonic River in Pittsfield, MA. The model will be
used by General Electric (GE) to quantify and compare the amount of time that it will take for
PCBs in the environment in that portion of the river to achieve acceptable risk-based
concentrations under potential remedial scenarios, including natural recovery. The Consent
Decree requires that independent Peer Reviewers review three documents that describe the
modeling process. The first of these documents, the MFD, was issued by EPA in October 2000.

The remaining two documents are the Model Calibration and Validation Reports.

On April 25-26, 2001, the Modeling Peer Reviewers met at a public forum in Lenox, MA, to
review and discuss the MFD within the framework of the charge given to them. The Peer
Reviewers subsequently submitted final written comments to EPA’s Managing Contractor
(Marasco Newton Group, Ltd) for the Peer Review. This document is EPA’s formal response to

the final written Peer Review comments.
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APPROACH AND ORGANIZATION OF THIS DOCUMENT

As stipulated in Appendix J to the Consent Decree, Peer Reviewers were discouraged from
discussing their individual comments with each other outside of the public Peer Review Meeting
that provided for full public discussion; therefore, the comments were prepared independently by
each reviewer. As observed during the Peer Review itself, many of the reviewers noted some of
the same issues with the MFD and therefore submitted similar written comments on these issues.
Conversely, as might be expected, at times Peer Reviewers had differing views on issues; this is
also reflected in the written comments. In addition, because the final written comments followed
broad guidelines established by the Peer Review Managing Contractor to mirror the technical
questions presented in Section 22.h of the Consent Decree and the Peer Review charge, the
format of the observations made in Peer Reviewers’ responses frequently did not facilitate the
extraction of discrete individual questions or comments that could be answered in the

Responsiveness Summary.

As a result of these considerations, EPA organized the Responsiveness Summary in a way that
responds to the questions or comments advanced by each reviewer by grouping the comments
into topics, thus avoiding unnecessary repetition, and reducing the length and providing clarity in

EPA’s Responsiveness Summary.

Following a careful review of the Peer Reviewers’ comments by EPA staff and consultants for
the Housatonic River modeling effort, 25 major themes in the comments were identified. The
Peer Reviewers’ questions and comments were assigned to one or more of these categories.
Questions that could not be readily categorized were listed under a 26" category, titled
“Miscellaneous.” Some of the Peer Reviewers’ comments were quite comprehensive and were
therefore assigned to as many as four topics, while others were easily addressed under a single
topic. The full text of each Peer Reviewer’s comments, annotated to indicate how each comment
was categorized, is presented in Appendix A of this document. A table indicating the reviewer,
and the page and line number of the comment or question (from Appendix A) is included in the
beginning of each section. This page-and-line numbering system applies only to the review
comments as reproduced in Appendix A of this document; due to document formatting, the

page/line references may vary from other sources of the exact same comments. In each section
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of the Responsiveness Summary, the table showing the Peer Reviewers’ comments is followed

by EPA’s response to the issues within that topic.

Prior to the Peer Review Meeting on April 25 and 26, 2001, EPA responded to a series of
questions that were submitted to EPA by the Peer Reviewers after their preliminary review of
the Housatonic River Modeling Framework Design document and related materials. Appendix B
presents EPA’s response to these initial questions and is reproduced as it was submitted to the
Peer Reviewers on April 12, 2001. Because these questions and responses predate the Peer
Review Meeting and the Peer Reviewers’ final comments on the MFD and QAAP, some of the
material and the responses may no longer be applicable, and many of the issues raised in these
questions were further clarified at the meeting and are further discussed in this Responsiveness
Summary. In the time since these responses were prepared, additional data have been collected

and evaluated, and various aspects of the modeling approach have been modified.

RELATIONSHIP OF THE RESPONSIVENESS SUMMARY TO THE MODELING
FRAMEWORK DESIGN DOCUMENT

To better document and integrate the changes to the proposed modeling study beyond the scope
of the Responsiveness Summary, EPA will issue a final MFD that will provide additional
technical information relevant to the responses provided here. The MFD will contain a
crosswalk, i.e., a matrix that will identify where in the MFD changes have been made to

specifically address comments from the Peer Reviewers.

MODELING STUDY PHILOSOPHY

EPA and the modeling team would like to take this opportunity, following the review of the Peer
Review comments, to reiterate that we acknowledge that the modeling study for the Housatonic
River is, as recognized by the Peer Reviewers, a very ambitious undertaking. Modeling a river
with the characteristics of the Housatonic to achieve the objectives of the modeling study has not
been attempted before to the team’s knowledge. Therefore, EPA believes it is necessary to
clearly describe the path that is being followed in a manner that allows outside parties to follow
the rationale used in making decisions on the modeling study. It may seem to experts in the field
that some points that EPA addresses in the documents are intuitively obvious, yet EPA’s goal in

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\INTRO.DOC 3 6/10/2002
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developing these documents is not only to provide information to the scientific community, but

to the public as well.

To reiterate, EPA’s modeling philosophy is to first consider all processes known to affect PCBs
in a river system such as the Housatonic, and using an iterative approach, evaluate and document
each process with regard to the relative importance of the process in achieving the modeling
objectives of the study at the Housatonic, while adhering to the tenets of modeling such as
achieving mass balance and the goals of model calibration and validation. It must be recognized,
however, that the state of the art of modeling may not exist in a tested and peer-reviewed forum
for some of the processes deemed important at this site, and in fact may not exist at all, requiring
the application of new or untested approaches to simulating or otherwise accounting for the
influences of these processes. EPA believes not only that such a modeling effort is necessary for
the Housatonic River, but also that through an approach that includes careful development and
application of the techniques applied, the modeling study can succeed even though some aspects

of the study have not been conducted before.

Within this challenge lies the requirement not to make the model overly complex, imposing
unreasonable computational constraints or difficulty in parameterization. Likewise, the
modeling approach cannot be overly simplified to the extent that modeling objectives cannot be
met or that an acceptable simulation of the Housatonic River cannot be obtained. The optimal
situation is to establish what constitutes “acceptability” under the present circumstances of a
regulatory application versus research. It should be noted that the EPA modeling team has also
applied the scientific method in taking an iterative approach to collect and evaluate data, test
hypotheses, and review adequacy of model formulations. This approach is further reflected in
the fact that the conceptual model evolved between the development of the MFD and the actual
Peer Review, and has continued to advance since that time as noted in many of the responses
provided in this Responsiveness Summary. EPA will continue to implement this iterative
process as new information becomes available, with attention to the modeling study schedule,

budget, and regulatory framework.

In conclusion, while EPA agreed with many of the comments provided, EPA did not agree with

some of the comments provided by the Peer Reviewers; these are documented in the responses.
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1  EPA appreciates the effort from the Peer Reviewers in providing their insights, which have
2 improved the modeling process, and looks forward to the future modeling Peer Reviews as an

3 opportunity to better inform EPA’s process going forward.
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1. PEER REVIEW PROCESS—PR

1.1  COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 2 15-21
Endicott 2 10-21
Garcia 2 22-26

1.2 BACKGROUND

Appendix J of the Consent Decree provides a framework for the Peer Review process for the
Rest of River. The process described in the Consent Decree limits the interaction between the
Peer Reviewers and EPA to responses to factual questions and/or clarifications. The public,
including GE, is provided an opportunity at the Peer Review session to present oral comments to
the panel. The Consent Decree requires that EPA develop the modeling framework and calibrate
and validate the model(s), and that the products from the three steps of the process, as described
in the introduction to this Responsiveness Summary, be subject to Peer Review. The Consent
Decree also requires that following the Peer Review of the validation of EPA’s model, the model
be given to GE to use in evaluating various remedial alternatives. GE is responsible for
preparing the Corrective Measures Study, which is the report of the analysis of the remedial

alternatives.

1.3 SUMMARY OF ISSUES
The Peer Reviewers expressed the following concerns regarding the Peer Review Process:

= The constraints of the Consent Decree make the Peer Review more difficult,
particularly the lack of opportunity for open dialogue between the Peer Reviewers
and the modeling teams.

= The existence of two separate modeling teams (EPA and GE) working independently
complicates the process.

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION1_PR.DOC 1 1 6/10/02
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1.4 EPA’S RESPONSE TO COMMENTS REGARDING THE PEER REVIEW
PROCESS

1.4.1 Limited Opportunity for Dialogue Between the Peer Reviewers and
Modeling Teams

In response to comments expressed by the Peer Reviewers, EPA and GE agreed on modifications

to Appendix J. Three substantive modifications are as follows:

= First, to expand the time frame in which the Peer Review is to be conducted to 13
weeks from 75 days (10 weeks) to allow more flexibility for review by the Peer
Reviewers and for EPA’s response to Peer Reviewer questions.

= Second, to provide an opportunity during Week 10 to conduct a 1-day Presentation
Session for the Peer Reviewers in the Pittsfield area. At the meeting, EPA’s
modeling team will make a presentation on its document and the responses that were
provided to the written questions from the Peer Reviewers, and provide additional
clarifications, as necessary. During this session, Peer Reviewers’ questions will not
be limited to factual questions. GE’s role during this session will be to assist EPA in
answering questions and to respond to the Peer Reviewers’ questions regarding GE
information.

= Third, to allow for more direct responses by EPA’s modeling team to questions by the
Peer Reviewers.

It is EPA’s view that independent discussion between Peer Reviewers outside the Peer Review
session forum is not in the best interest of the project. Were such discussions to take place, many
of the details of the Peer Reviewers’ concerns would be unavailable to the general public.
Appendix J has been modified to require that a conference call take place 1 week prior to the
Peer Review for the Managing Contractor to clarify logistical and process-related issues for the

Peer Reviewers prior to the review session.

1.4.2 Two Separate Modeling Teams (EPA and GE) Working Independently

The Consent Decree requires that EPA and GE both establish modeling work groups. EPA
understands that the existence of two separate modeling teams may seem less than desirable to
the Peer Reviewers. However, it should be recognized that the parties may have differing
viewpoints on the problems being addressed by the modeling effort. Since the beginning of the

modeling study, much information and many ideas have been exchanged between the two teams

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION1_PR.DOC 1 2 6/10/02
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regarding each party’s modeling approaches and data collection activities. In fact, cooperative

data collection activities have taken place since the April 2001 Peer Review.

1.5 REFERENCES

United States of America, State of Connecticut, and Commonwealth of Massachusetts, Plaintiffs,
vs. General Electric Company, Defendant. Civil Action Nos. 99-30225, 99-30226, and 99-
30227-MAP (Consolidated). October 1999. Consent Decree.

United States of America, State of Connecticut, and Commonwealth of Massachusetts, Plaintiffs,
vs. General Electric Company, Defendant. Civil Action Nos. 99-30225, 99-30226, and 99-
30227-MAP (Consolidated). February 2002. Submission of Agreed-To Non-Material
Modifications of Consent Decree and Appendices (including Appendix J modifications).
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1 2. MODEL SELECTION—MS

2 21 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 5 4-7
5 26-27
Bohlen 10 10-26
Endicott 2 22-32
2 33-44
3 1-19
3 21-34
Garcia 9 8-14
Lick 6 10-22
List 3 8-20
3 22-34
4 25-31
4 33-43
6 9-17
6 22-32
7 18-25
7 35-45
8 1-3
8 37-44
9 2-8
9 31-39
Shanahan 3 27-34
5 34-42
6 1-4
8 7-37
9 19-28
11 41
12 1-12
13 23-40
15 40
16 1-7
16 25-30
17 1-3
17 10-17

3 22 BACKGROUND

4  The selection of a modeling framework for the Housatonic River Project was guided by the

5  modeling study objectives:
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1. How long will it take for PCB-contaminated sediments to be sequestered by the
deposition of clean sediments?

2. How long will it take for PCB levels in target fish tissue to be reduced to levels that
no longer pose a risk to either human health or the environment?

3. How do rare storm events contribute to the redistribution of sequestered PCB-laden
sediments back into the water column, the surficial sediment bed, and the biota of the
river?

The Housatonic River Primary Study Area (PSA) is complex, with a broad floodplain and highly
meandering, free-flowing river transitioning into the impounded backwaters of Woods Pond.
Under flood conditions, solids and associated PCBs have been exported from the river channel to
the 10-year floodplain, resulting in varying levels of PCB contamination in much of the
floodplain. Potential remediation scenarios that will be evaluated with the model may include
the removal and/or capping of contaminated sediments from the river channel and contaminated
soil from the floodplain, as well as natural attenuation. The pathways of water, solids, and PCBs
between the river channel and the floodplain are one of the important considerations in the

design of the model framework.
2.3 SUMMARY OF ISSUES

The Peer Reviewers expressed concern that the selection of HSPF, EFDC, and AQUATOX as
components of the model framework was not supported by the conceptual model nor was there
sufficient documentation presented in the MFD of a formal model selection process. Many
reviewers thought that EFDC and AQUATOX were overly complex to address the regulatory
decision-making objectives of the study. The reviewers recommended that simpler models for
hydrodynamics and PCB bioaccumulation be considered for the study. The reviewers noted that,

in relation to the model selection process, the MFD was deficient in the following areas:

= Conceptual model/simple box models: Reviewers questioned the adequacy of the
analysis of available data, and proposed the development of conceptual and simple
“box models.”

= Literature review of models available to address key processes. Reviewers
recommended the identification of processes important for modeling PCB transport,
fate, and bioaccumulation as well as the elimination of minor processes; a literature
review of models available to address key processes; and documentation of a formal
process used to consider candidate models for final model selection.
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24 EPA’S RESPONSE TO COMMENTS REGARDING MODEL SELECTION
2.4.1 Conceptual Model/Simple Box Models

EPA will use data collected during the 1998 to 2001 field programs to perform an analysis of the
relative magnitude of solids and PCB loads in the river during base flow/low flow periods and
storm event/flood conditions. Water balances, solids, and PCB mass balances will be estimated
for the two flow regimes using data collected near the upstream boundary (Pomeroy Avenue), a
midpoint location within the PSA (New Lenox Road), the downstream boundary (Woods Pond
Footbridge), and external sources contributed by the Pittsfield WWTP and tributaries. The flow

regimes that will be considered are base flow and high flow.

Using time-averaged estimates of fluxes for each hydraulic domain, simple box model budget
calculations will be performed to compare the sum of the estimated flux contributions of the
various sources and sinks to the observed loads of solids and PCBs. Sources of solids and sorbed
PCBs into the water column include external loads from upstream, resuspension from the river
sediment bed, erosion of the river bank, and erosion from the floodplain. Sources of dissolved
PCBs include external loads from upstream, and diffusion and advection from porewater across
the sediment-water interface. Losses of solids and PCBs out of the water column include
deposition to the river and Woods Pond sediment beds, deposition onto the floodplain, and

outflow over the Woods Pond Dam.

The box model calculations are expected to provide further definition of the relative significance
of the various sources and sinks of solids and PCBs for the river and Woods Pond/backwaters
under base flow and high flow. The results of the box model analysis will also be used to revisit
the space and time scales (see also Section 20) and to further justify inclusion or exclusion of

various processes in the model framework.
2.4.2 Literature Review of Models Available To Address Key Processes

The models selected for inclusion in the framework can attempt to represent only the most
significant mechanisms and processes that influence the pathways and fate of PCBs. The refined
conceptual model and simple box model developed for the final MFD will be used to further

identify those processes and interactions determined to be most important for PCB fate,
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1  transport, and bioaccumulation. Numerous models have been developed with varying degrees of
2 complexity ranging from simple screening models to complex numerical models that include at
3 differing levels many physical and biogeochemical processes and interactions. The final MFD
4  will present a more comprehensive and detailed discussion of the model selection process. The
5 review of available models relevant to the Housatonic River study will be organized by the
6  following model categories:
7 = Watershed runoff
8 * Hydrodynamics
9 = Sediment transport

10 = PCB transport and fate

11 = PCB food web bioaccumulation.

12

13 For each model category, the review will be guided by the revised conceptual model and the

14 following:

15 = Identification of key physical and biogeochemical processes/interactions
16 = Spatial and temporal scales relevant to PCB fate and bioaccumulation
17 = Literature review of models available for key processes/interactions

18 = Knowledge or data gaps for key process/interaction

19 = Documentation of criteria for model selection

20 = Identification of candidate models

21 = Evaluation of candidate models

22 = Justification for rejection/selection of candidate models.

23

24 The following criteria will be used to document the evaluation of candidate models:

25 = Level of scientific understanding/knowledge of process/interaction

26 = Level of model complexity (simple screening, intermediate, complex)

27 = Spatial dimensionality (1D/2D/3D)

28 = Temporal scale/resolution

29 = Inclusion of appropriate state variables and external forcing functions

30 = Data requirements for (a) site characterization and (b) model vs. data performance
31 = Availability of site-specific data from the Housatonic River

32 = Record of successful model calibration/validation

33 = Record of model application for regulatory decision-making

34 = Computational burden/computer hardware requirements

35 = Level of expertise/effort required to use the model

36 = Availability of pre- and post-processing tools to aid model input/output

37 = Degree of linkage with other models

38 = Applicability of model for Housatonic River meanders/floodplain interactions
39 = Availability (public domain/proprietary) of model software and source code

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION2_MS.DOC 2 4 6/10/02
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= Availability of documentation manuals/technical support

= Access to sponsor/developer/source of model.
In addition to information derived from the modeling team’s network of professional colleagues,
sources that will be used to identify candidate models include literature recommendations
provided by the Peer Reviewers and reviews of water quality models reported in HydroQual et
al. (2001), Tetra Tech (2000), McCutcheon (1989), Martin and McCutcheon (1999), Thoms et al.
(1995), ASCE (1996), EPA (1997), and Deliman et al. (1999). The formal review of available
models will also consider numerical models of hydrodynamics and sediment transport developed
for meandering rivers, bank erosion, and floodplain interactions. These models are described in
Carling and Petts (1992), Hickin (1995), Ikeda and Parker (1989), Anderson and Bates (2001),
and Hey et al. (1982). Specific book chapters and journal articles relevant to models of
meandering rivers, sediment transport, bank erosion and floodplain interactions that will be
included in this effort are listed in the bibliography below. Other appropriate information will be
included if identified during this effort.

2.5 REFERENCES

Anderson, M.G. and P.D. Bates, Editors. 2001. Model Validation: Perspectives in Hydrological
Science. John Wiley & Sons, Ltd., Chichester, UK.

ASCE. 1996. "River Hydraulics." American Society of Civil Engineers, Reston, VA.

Carling, P.A. and G.E. Petts, Editors. 1992. Lowland Floodplain Rivers Geomorphological
Perspectives. John Wiley & Sons, Inc., Chichester, UK.

Deliman, P.N., R.H. Glick, C.E. Ruiz. 1999. Review of Watershed Water Quality Models. US
Army Corps of Engineers, Waterways Experiment Station, Vicksburg, MS, Tech. Rep. W-99-1,
January.

EPA (U.S. Environmental Protection Agency). 1997. Compendium of Tools for Watershed
Assessment and TMDL Development. USEPA Office of Water, Washington, DC, EPA841-B-97-
006.

Hey, R.D., J.C. Bathurst, and C.R. Thorne, Editors. 1982. Gravel-Bed Rivers. John Wiley &
Sons, Inc., Chichester, UK.

Hickin, E.J., Editor. 1995. River Geomorphology. John Wiley & Sons, Inc., Chichester, UK

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION2_MS.DOC 2 5 6/10/02



—

o0

10
11
12

13
14
15

16

17

18
19
20

21
22

23
24

25
26

27
28

29
30

31
32

HydroQual, Aqua Terra Consultants and Camp, Dresser & McKee. 2001. Assessment of
Availability and Use of Water Quality Models. Draft Final Report, Project No. WERF0010,
Water Environment Research Foundation (WERF), Alexandria, VA.

Ikeda, S. and Gary Parker, Editors. 1989. River Meandering. Amer. Geophys. Union (AUQG),
Water Resources Monograph 12, Washington, DC.

Martin, James L. and Steven C. McCutcheon. 1999. Hydrodynamics and Transport for Water
Quality Modeling. Lewis Publishers, CRC Press, Boca Raton, FL.

McCutcheon, S.C. 1989. Water Quality Modeling, Volume I Transport and Surface Exchange in
Rivers. CRC Press, Boca Raton, FL.

Thoms, S., G. Matisoff, P. L. McCall, and X. Wang. 1995. Models for Alteration of Sediments by
Benthic Organisms. Final Report, Project No. 92-NPS-2, Water Environment Research
Foundation (WERF), Alexandria, VA.

Tetra Tech. 2000. Overview of Sediment Contaminant Transport and Fate Models for Use in
Making Site-Specific Contaminated Sediment Remedial Action Decisions. Technology Report
prepared for USEPA, OERR, Washington, DC.
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3. MODEL DOMAIN—MD

3.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 7 18-26
7 28-33
8 34-35
Bohlen 8 16-27
Garcia 3 35-37

3.2 BACKGROUND

The Housatonic River Supplemental Investigation was designed to evaluate impacts from PCBs
disposed of at the General Electric (GE) facility in Pittsfield, MA, in portions of the river and
floodplain that are not subject to the ongoing removal actions by GE and EPA. Under the
Consent Decree executed between the Agencies and GE, contaminated river sediment and bank
soil between the facility and the confluence of the East and West Branches of the Housatonic
River (the confluence) are being removed in two Removal Actions: the first removal action being
performed by GE addresses the first half mile of the river adjacent to and downstream of the
facility; the second removal action covers the next 1 2 miles and is being performed by EPA,
with costs being shared by GE. In addition, contaminated floodplain soil and groundwater
contributions to the river are also being addressed by GE in separate actions under the Consent

Decree.

The portion of the river that is the subject of the Supplemental Investigation begins immediately
downstream of the removal actions, at the confluence of the East and West Branches of the
Housatonic River, and extends into Connecticut. The majority of the PCB contamination
historically has been observed in the first 10.7 miles (17 km) from the confluence to the Woods

Pond Dam, the first impoundment downstream from the facility.
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This section addresses concerns expressed by the Panel Reviewers related to the selection of the
Model Domain. Model Domain issues are also addressed in Section 7 (Additional Data

Collection Activities).

3.3 SUMMARY OF ISSUES
The Peer Reviewers expressed the following concerns related to the model domain:

= The model domain should be extended upstream in the area of the proposed/ongoing
remediation to evaluate the remediation activities.

=  The model domain should be extended downstream below Woods Pond.

* Monitoring should continue during the remediation activities.

3.4 EPA’S RESPONSE TO CONCERNS RELATED TO THE MODEL DOMAIN

3.41 Extension of the Model Domain Upstream in the Areas of Remediation

EPA believes that it is necessary and appropriate for the upstream boundary of the model domain
to remain fixed at the confluence of the East and West Branches of the Housatonic River for the
following reasons. First, the Supplemental Investigation was designed to gather data prior to the
start of the removal actions in the river (to avoid any possible impact from the actions on the data
being collected), for the modeling study and risk assessments. Accurate information specific to
the point and nonpoint source loadings of PCBs and solids to the river reaches upstream of the
confluence is not available. During the development of the initial conceptual model, EPA
requested that GE provide some estimate of the inputs to the upstream reaches, GE’s response
was that they were unable to provide any estimate. Without such information, these loadings
cannot be parameterized for the model. An attempt to model these loads would result in
unbounded estimates and a great deal of uncertainty. The solution implemented when collecting
the data to support the modeling study was to represent the integrated loadings from the
upstream reaches in a straightforward approach as a simple flux of solids and PCBs at the

upstream boundary.

Second, EPA notes that the project schedule precludes extending the model domain upstream to

include the reaches subject to removal actions, and the evaluation of the ongoing Removal
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Actions as part of the Modeling Study. The 1 '2-Mile Removal Action is currently scheduled for
completion at the earliest in FY 2007, and a decision on remediation for the Rest of River is
currently scheduled to be proposed in FY 2005, and finalized after public comment in FY 2006.
Delaying the modeling study to include an evaluation of the effects of the removal actions on
PCB loadings would significantly delay the decision on the Rest of River. If the modeling study
were delayed, EPA’s decision on the Rest of River would be delayed by at least 4 years (from
2005 to 2009 at the earliest), given the necessity to collect additional data to describe the new
baseline conditions, the subsequent completion of model calibration peer review and validation
peer review, the development of the Corrective Measures Study, and the completion of the EPA

decision-making process.

Third, data will be collected in the upstream reaches as part of other actions. As noted above, the
2 miles of river immediately above the confluence are being addressed in two separate removal
actions under the Consent Decree. These actions have work plans that define the performance
standards that are separate from the evaluation being performed for the Rest of River, which is
defined in the Consent Decree explicitly as the area downstream from the confluence.
Monitoring data are being collected and will be used to evaluate these actions independent from
the Rest of River activities. However, EPA will consider any available information obtained
during these removal actions to inform decision-making for the Rest of River at the time EPA
develops the Statement of Basis, which will include EPA’s proposed actions for the Rest of

River.

Further discussion related this topic is provided in Section 25, Remediation.

3.4.2 Extension of the Model Domain Downstream from Woods Pond

EPA believes that it is reasonable to establish the downstream boundary for the modeling study
at the Woods Pond Dam. This allows the modeling study to focus on the reaches where the
majority of PCBs are currently located in the river and floodplain, as indicated by data collected
historically by GE and by EPA during the Supplemental Investigation. Characterizing and
modeling these reaches alone represents a significant undertaking, as recognized by the Peer

Reviewers.
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It is EPA’s understanding that GE has constructed a model with a domain that extends into
Connecticut. Output from EPA’s modeling analysis can be compared to output from the GE

model for the PSA, to inform decisions for reaches farther downstream in the river, if warranted.

3.4.3 Continuation of the Monitoring Activities During the Remediation of the
Upper Reaches

The Peer Reviewers recommended that data collection continue through the ongoing
remediation. EPA agrees with this recommendation; however, this monitoring is outside the
scope of the Rest of River Supplemental Investigation. EPA notes that remediation monitoring
is a component of the work plans for both the /2-Mile and 1 '2-Mile Removal Actions, and that
GE has continued to perform monthly surface water monitoring at selected locations. The
monitoring plans have been adjusted to respond more directly to the comments of the Peer
Reviewers. These programs are discussed further in Section 7 (Additional Data Collection

Activities).

3.5 REFERENCES

Janowski, C., EPA. 21 November 2000. Memorandum to Mindy S. Lubber, Regional
Administrator, EPA. Re: Request for Removal Action, Housatonic River, 1 /2 Mile Reach at the
GE-Pittsfield/Housatonic River Site, Pittsfield, MA—Action Memorandum.

Tagliaferro, D. (On-Scene Coordinator), EPA. 26 May 1998. Memorandum to Patricia L.
Meaney, Director, Office of Site Remediation and Restoration. Re: Request to Conduct a
Removal Action at the GE-Housatonic River (“Upper Reach Removal Action”), Pittsfield,
Mass.—Combined Action and EE/CA Approval Memorandum.

United States of America, State of Connecticut and Commonwealth of Massachusetts, Plaintiffs,
vs. General Electric Company, Defendant, Civil Action Nos. 99-30225, 99-30226, and 99-
30227-MAP (Consolidated). October 1999. Consent Decree.
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4.2 BACKGROUND

In building an effective model of PCB transport, fate, and bioaccumulation for the Housatonic
River, it is important to include the key processes that drive PCB fate and bioaccumulation, and
to predict the impact of alternative remediation scenarios on the fate and bioaccumulation of
PCBs. The inclusion of unnecessary processes adds computational burden and diverts resources
from the core of the modeling study without adding information that would further the

understanding of PCB fate and bioaccumulation and of the impacts of remedial alternatives.

Prior to developing the actual numerical models, a preliminary conceptual model was
constructed to provide the modeling team with insight on the relative significance of the
processes and interactions that influence PCB fate and bioaccumulation in the Housatonic River.
The conceptual model was developed in three steps. The first step was a qualitative synthesis of
the various physical and biogeochemical processes that are related to PCB dynamics in the river.
This synthesis of information drew on the experience of the modeling team as well as published
literature to provide a descriptive characterization of the cause-effect interactions related to PCB
fate and bioaccumulation. The second step of the conceptual model development was a
compilation of the available site-specific data to evaluate key spatial and temporal dependencies
of solids, PCBs, and other relevant properties in the water column, sediment bed, and biota. The
third step was a site-specific description and quantification of the various processes and

interactions.
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The original MFD presented a synthesis of the many physical and biogeochemical processes and
interactions possibly related to PCB fate and bioaccumulation. The MFD also presented a
compilation of data available at the time, demonstrating the spatial and temporal variation of
solids and PCBs in the water column, sediment bed, and biota of the Housatonic River. When
the original MFD was prepared, complete datasets were not yet available for analysis; therefore,
quantification and evaluation of the processes identified as potentially important for PCB fate
and bioaccumulation could not be presented in many cases. Using the best available data at the
time and published literature, each process determined to be relevant for the model framework
was identified. Of the 68 processes identified in the conceptual model, 42 were determined to be
important enough to be included in the modeling effort, 9 were identified for exclusion from the
framework as unimportant, and 17 processes were identified for further analysis and evaluation.
As stated in the MFD, the conceptual model is viewed as a dynamic and iterative process that is
being revisited, now that more data are available and model testing is under way. It is expected
that further refinement of the conceptual model will provide additional focus for the modeling

study.

43 SUMMARY OF ISSUES

The Peer Reviewers provided comments on the conceptual model from varying perspectives.
Some reviewers noted that whereas the conceptual model identified the appropriate processes
that may be relevant to the Housatonic River system, the detailed assessment of each process
identified in the conceptual model was not comprehensive enough. A number of the reviewers
requested that the conceptual model present a quantitative assessment of the relative importance
of each of the processes for the mass balance calculations. A reviewer commented that the
inclusion of so many processes results in too many user-specified model parameters, and that a
“closely reasoned discussion of the relative importance of the processes” should be presented.
Another reviewer stated that since almost all of the significant processes have been included in

the conceptual model, the numerical models will be overly complex.

The Peer Reviewers commented that the MFD presented an inadequate discussion of the

following:

* Elimination of the upstream sources of PCBs.
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= Sequestering of PCB-contaminated sediments.

= Dynamics of bars and terraces.

* Floodplain as a sink or source of PCBs.

= Qut-of-bank flows and interaction with the floodplain.

= Bedload versus suspended load transport.

= Effects of severe storms.

= Surficial sediment mixing and thickness of active layer.

= River meanders and bank erosion.

= Representation of PCB fate and transport as “abiotic” and “biotic” components.

= Food web predator/prey linkages and feeding descriptions at the base of the food web.
The Peer Reviewers also expressed concern that the level of data supporting some of the
processes was limited, and recommended that simple box models or “back of the envelope”
calculations be performed to confirm which processes either were important or were of

negligible significance.

Several of the reviewers’ comments related to Section 4 (Conceptual Model/Process
Prioritization) have also been responded to in other sections of this Responsiveness Summary,
specifically Section 8 (Floodplain/Channel Interactions), Section 19 (Grid Scheme/Spatial
Scale), Section 9 (Floodplain Vegetation), Section 2 (Model Selection), and Section 18 (Model
Linkages).

44 EPA’S RESPONSE TO COMMENTS REGARDING CONCEPTUAL MODEL/
PROCESS PRIORITIZATION

EPA agrees with the Peer Reviewers that a more detailed presentation and evaluation of the
transport and fate processes, including estimates of their relative importance to the mass balance
of PCB, would improve the MFD. Now that the Peer Review has occurred, the modeling team
better understands the topics of interest to the Peer Reviewers and will revise the conceptual
model to address these concerns. The revised conceptual model to be presented in the final MFD
will include further analysis of the data to prioritize the importance of the processes based on
simple box model estimates and other evaluation techniques. Each process will be described in
greater detail, and additional data will be presented and evaluated to support the conclusions.
The final MFD will also present the initial selections of theoretical formulations, including the

adjustable model calibration parameters, to clarify the plans for how the key processes and
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interactions will be numerically represented in the models. The final decision on these numerical

representations will be presented in the model calibration report.

Additional data collection necessary for further evaluation of the selected processes is currently
underway, including but not limited to, the following: bedload transport, supplemental surface
water sampling, pore water sampling, bank erosion analysis, supplemental storm sampling, and
an updated report on the meandering of the river. These data collection activities are described

in more detail in Section 7 (Additional Data Collection Activities).

4.4.1 Elimination of Upstream Sources of PCBs

Once the models are calibrated and validated, they will be used to establish baseline conditions
and to evaluate the long-term effectiveness of a number of alternative scenarios for remediation
of PCB-contaminated sediment in the river and in the floodplain. In the process of establishing
baseline conditions, the upstream boundary loadings of PCBs can be defined by changing the
initial conditions of PCB levels in the water column and the sediment bed to represent upstream
removal of contaminated sediments. These loadings can be established using data collected by
both GE and EPA during and upon completion of these removal actions. Under the terms of the
Consent Decree, it is the responsibility of GE, not EPA, to simulate the baseline conditions and
to perform the evaluation of the effectiveness of possible remedial scenarios in the Rest of River.
Section 25 (Remediation) of this Responsiveness Summary presents additional discussion of this

topic.

44.2 Sequestering of PCBs

Based on a review and analysis of sediment data, there is little evidence of widespread
sequestering of PCBs in the study area within the sediments. This interpretation was based upon
the observation that the highest concentrations of PCBs detected in sediment and soil samples
were most frequently in the surficial (0 to 6 inch [0 to 15 cm]) samples. Additional core-by-core

analysis is being performed at each location with data available from multiple depths.

The Peer Reviewers expressed concern over the thickness of the 6-inch sample intervals. The

panel noted that the thickness of the sediment sample might “mask” any sequestering that might
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be occurring on a finer scale and that the modeling team’s interpretation was not adequately

supported by the available data.

The sampling interval used for the majority of the sediment and soil samples collected by EPA
was selected to provide results that could be used to fulfill a variety of data quality objectives
including site characterization, modeling, human health risk assessment, and ecological risk
assessment. Furthermore, most of the historical samples collected by GE (60% or more) were

based on 6-inch sediment layer intervals.

Additional “deep” river cores have been collected, and the lithology logged and samples
collected for PCB analysis from selected depths and lithologies. This information will be
presented in the final MFD. A “fine” surficial layer was rarely observed when collecting the

sediment cores, yet dramatic layering was observed on a coarser scale.

Sequestering does not appear to be occurring across most of the study area. Further statistical
analysis on a location-by-location basis is being performed to determine where total PCB
concentrations appear to either increase, or decrease, with depth in the sediment bed; this

analysis will be presented in the final MFD.

443 Physical Processes

A more complete discussion of the potentially significant physical processes will be presented in
the revised conceptual model in the final MFD. In particular, emphasis will be placed on the role
of stream bank erosion, the dynamics of bars and terraces, river meandering, out-of-bank flows,
and the interactions of the floodplain with the river (specifically whether or not the floodplains
provide a pathway as a source or a sink for PCBs), bedload transport, the effects of storms

(including, if possible, data from a storm larger than those previously sampled).

444 Active Layer

The thickness and spatial variability of the active layer are being further evaluated. Initial
observations from the deep cores discussed above suggest that the active layer may in some areas

extend to depths that exceed 6 inches.
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The results of this evaluation will be presented in the final MFD. Further discussion of the issues

related to the active layer is provided in Section 12 (Active Layer).

4.4.5 River Meanders and Bank Erosion

Based on a review of extensive historical information, large-scale, rapid meandering of the river
within the Primary Study Area appears to be limited as a process of concern from a modeling
perspective. Observations from aerial photographs taken since 1944 and a review of historical
topographic maps dating to the late 1800s, indicate that the current river course and meander
patterns have changed very little during the past 100 years. The course of the free-flowing river
in Reach 5a and portions of Reach 5b is tightly controlled by moderately steep-sloped sidewalls.
Backwaters and slower velocities created by the impoundment from Woods Pond Dam minimize
the likelihood of major future changes to the river shoreline in Reach 5c. EPA is conducting a
detailed survey of meanders and bank erosion in the river. This evaluation will enable the
modeling team to further assess the importance of these processes on historical, and future,
changes in the location of the river bank. The findings of the river meander investigation will be

presented in the final MFD.

44.6 Representation of PCB Fate and Transport as “Abiotic” and “Biotic”
Components

In the MFD, EPA proposed to perform transport and fate simulations of abiotic PCBs in EFDC
and as the “biotic” form in AQUATOX. The Peer Reviewers expressed concerns that the
proposed linkage of inorganic/organic and biotic/abiotic solids between EFDC and AQUATOX
would most likely fail to maintain a mass balance. The reviewers believed that this approach

would introduce uncertainty and confusion into the interpretation of model results.

In response to the Peer Reviewers’ concerns and as discussed in more detail in Section 17
(Bioaccumulation Model/AQUATOX), EPA has concluded that it is preferable to perform the
transport and fate simulation of PCBs only with EFDC. The use of a single model will avoid the
introduction of the artificial split of PCBs as chemical sorbed to “abiotic” solids and chemical
sorbed to “biotic” organic matter. Mass loadings for three sediment grain size classes may be

provided to EFDC by HSPF or will be determined empirically from available data. The organic
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carbon fraction of each grain size class will be defined as input to EFDC based on site-specific
field data for PCB partitioning calculations. POC produced internally in Woods Pond may be
specified as a forcing function in EFDC.

4.4.7 Food Web Predator/Prey Linkages

EPA agrees with the Peer Reviewers that it is neither practical nor technically advantageous to
attempt to quantify PCB concentrations within every distinct taxon in the system. At some point,
the implied precision of modeling numerous biological compartments is overwhelmed by the

uncertainty introduced by the complexity of such a model.

Accordingly, the conceptual model for the food web will group organisms deemed to be similar
with respect to feeding habits and PCB uptake processes. Individual species will be selected to
represent each of these biological compartments. An iterative approach will be used to identify
the number of compartments required to describe the aquatic community in the Housatonic

River.

The conceptual model for the aquatic community divides fish into one of three main categories —
predatory (piscivorous) fish, forage fish, and benthic fish. These distinctions are made based on
feeding preferences, which determine dietary PCB exposures. Bioaccumulation modeling efforts
at other sites have shown that division of fish species on the basis of their primary feeding
pathway 1is justified, given: (1) the importance of dietary uptake in terms of PCB
bioaccumulation, (2) the potential disequilibrium between sediment and water column
concentrations of PCBs and associated microfauna, and (3) the demonstration of increasing
biomagnification in piscivorous fish. For benthic invertebrates, the conceptual model will also
make distinctions between biological compartments based on differences in exposure pathways
(i.e., water-column organisms versus sediment infauna). Further subdivision of the invertebrate

component of the model will be determined during calibration.
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5.2 BACKGROUND

A global list of processes considered in the development of the conceptual model was
presented in the MFD. In developing the conceptual model, EPA identified those
processes that were initially determined to be important to the modeling effort. Certain
processes were retained for further consideration in the model framework, pending the
completion of additional data collection efforts. The analysis will be iterative, and
further evaluation of the data is underway. In response to the Peer Reviewers comments,
a revised conceptual model will be presented in the final MFD, rather than in the Model

Calibration Report as originally proposed.

This section addresses the issues raised by the Peer Reviewers related to the data analysis
and to evaluate the significance of the processes. Additional responses to the Peer
Reviewers’ concerns regarding the Conceptual Model and the Evaluation of Site Data are
included in Section 8 (Floodplain/Channel Interaction), Section 9 (Floodplain
Vegetation), Section 11 (Rare Flood Events), Section 12 (Active Layer), Section 13
(Sedflume), and Section 20 (Time Scale/Step Interactions).

5.3 SUMMARY OF ISSUES
The Peer Reviewers expressed the following concerns related to the conceptual model:

= The Peer Reviewers commented that there was insufficient analysis of the
available data presented in the conceptual model. A few of the reviewers
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suggested that simplified “box models,” one-dimensional models, and “back-
of-the-envelope” type of calculations be used to evaluate the available data
and determine which processes are important or of negligible importance.

The Peer Reviewers also provided comments on the need for the additional evaluation of

site data in the following areas:

= Mass balance of PCB quantities and fluxes through the system.

= Absence of hypothesis-based field sampling.

= Role of meandering.

= Evaluation of sequestering of PCBs and explanation of sampling intervals.
= Analysis of high flow events and PCBs in the floodplain.

= Role of bed load versus suspended load.

= Evaluation of radionuclide data and estimated sedimentation rates.
= Evaluation of spatial variability of PCBs in sediment.

= Sediment-water mass exchange coefficients.

= Relative importance of in-bank versus out-of-bank flow.

= Absence of Sedflume data

= Development of rating curves.

= PCB data normalized on an organic carbon (OC) basis.

= Use of long-term historical data.

5.4 EPA’S RESPONSE TO COMMENTS REGARDING CONCEPTUAL
MODEL/EVALUATION OF SITE DATA

5.41 Revision of Conceptual Model

A revised conceptual model is being developed to address many of the concerns
expressed by the Peer Reviewers. To maintain consistency with the MFD, the revised
conceptual model will retain much of its current structure for the descriptive synthesis of
the observed physical characteristics of the system and the various processes and
interactions. The revised conceptual model will, however, place an increased emphasis
on the evaluation and presentation of the available site-specific data used to identify the
processes of significance, including the documentation of spatial and vertical patterns and
temporal trends. In addition, processes will be revisited and assessed using available data
to determine whether that process should be included in the model. “Proofs,” or “back-
of-the-envelope” calculations, as necessary, will be developed and presented in the
revised conceptual model to justify those determinations. Additional discussion of this

approach is presented in response to Section 20 (Time Scale/Step Interactions).
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5.4.2 Mass Balance of PCB Quantities and Fluxes Through the System

Using data collected at the confluence of the East and West Branches of the Housatonic
(the upstream boundary), at Woods Pond (the downstream boundary), and the external
sources (loads contributed by the Pittsfield WWTP and key tributaries), water balances,
solids and PCB mass balances will be estimated for base flow and high flow. A simple
flux analysis of flow, solids, and PCBs is being developed at three locations (Pomeroy
Avenue, New Lenox Road, and Woods Pond) along the river. The results of these

analyses will be presented in the final MFD.

5.4.3 Absence of Hypothesis-Based Field Sampling

Data collection efforts by EPA were conducted in an iterative manner to test hypotheses
used in the development of the conceptual model. The sampling was performed in
accordance with the Supplemental Investigation Work Plan for the Lower Housatonic
River (WESTON, 2000). The initial conceptual model evaluated the nature and extent of
PCB contamination at the GE facility and hypothesized what the likely transport
mechanisms would be from the GE facility downstream to Woods Pond and beyond. The
hypothesis that high flow events transported and deposited PCB-contaminated sediments
onto the floodplain, and that areas of scouring and deposition in the river may be
occurring, led to the collection of numerous samples in the river and in the floodplain to

gain a better understanding assessment of the distribution of PCBs.

Subsequent to mapping of the topography and wetland habitats, additional sampling was
conducted to evaluate variability between wetland habitats. The presence of bank scours
and point or aggrading bars suggested that areas of the river may act as a source or sink
for sediments contaminated with PCBs. Hence a sampling program that specifically
addressed these areas was undertaken. Other sampling efforts supported the requirements

of the Human Health and Ecological Risk Assessments.

The conceptual model presented in the MFD confirmed many of the hypotheses and
related processes that EPA initially identified as the most relevant and important. The

evaluation of the data also indicated that other processes may be important, which in turn
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led to the collection of additional data. For example, the data collected in 1998-2001
indicated that bedload transport may be a significant process in the river. Accordingly,
EPA is conducting additional sampling to obtain measurements of both bedload and
suspended load. One bedload sampling event was completed prior to issuing the

Responsiveness Summary. This event will be described in the final MFD.

5.4.4 River Meandering

As noted in Section 4 (Conceptual Model/Process Prioritization), the modeling team is
completing an evaluation of the meandering history of the Housatonic River based upon
historical aerial photographs and topographic maps, as well as detailed field observations.

The results of the river meander study will be included in the final MFD.

5.4.5 Sequestering of PCB-Contaminated Sediments and Resolution of
Depth Sampling of Sediments and Soils

Reviewers questioned why sediment and soil samples were collected in 6-inch (15-cm)
depth intervals, rather than finer intervals. EPA agrees that finer resolution may have
been useful in some limited cases, but the majority of sediment and soil samples for EPA
were collected at 6-inch intervals to address the multiple objectives of the project while
maintaining cost control. Samples had to provide useful data to fulfill not only the
modeling objectives, but also the objectives of the Human Health and Ecological Risk
Assessments. The 6-inch sampling interval was also consistent with samples collected

historically by GE.

Sequestering of PCBs in sediments and sample resolution is further discussed in Section

4 (Conceptual Model/Process Prioritization).

5.4.6 Floodplain and Channel Interactions

The role of the floodplains will be discussed in greater detail in the final MFD. 1t is
EPA’s belief, based upon the available data, that the distal floodplain, in general, serves
as a sink for PCBs. During high flow events, the proximal floodplain (the floodway) may

serve as either a sink or a source for PCBs, depending on the existing flow velocities. The
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final MFD will present further definition of the distal floodplain compared to the
proximal floodplain with an analysis of the role of each component of the floodplain in
the system. More detail on issues related to the floodplain is provided in Section 8
(Floodplain/Channel Interactions), Section 9 (Floodplain Vegetation), and Section 11
(Rare Flood Events).

5.4.7 Bedload and Suspended Load Data

As indicated above and in Section 7 (Additional Data Collection), a bedload study is
being conducted to provide the data necessary to characterize bedload movement and its
relative importance as a process for the sediment transport model. Additional storm and
surface water data collection is planned to increase the available time-series data for

characterization of the suspended load.

5.4.8 Radionuclide Data and Sedimentation Rates

EPA agrees that the available radionuclide data can be further evaluated against other
data collected for this project to develop a better understanding of depositional processes.
Initial evaluation suggests that the active nature of the sediment bed upstream of Woods
Pond may complicate the interpretation of these data. Further evaluation is currently
ongoing, in conjunction with the expanded evaluation of the active layer, and will be

presented in the final MFD.

5.4.9 Analysis of Spatial Variability of PCBs in Sediments

The analysis of the spatial distribution of PCBs presented in the conceptual model was
intended to provide a general understanding of how PCBs are distributed across the
diverse geomorphic terrains within the Primary Study Area (PSA). The sampling
program not only included systematic sampling at regular intervals (three samples across
the channel at 1,500-foot (460-meter) intervals along the length of the river in the PSA),
but also included discrete sampling of distinct floodplain and river features (i.e., bars and
terraces, oxbows, etc.). EPA believes that adequate samples have been collected from

across the study area to characterize spatial variability.
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Further evaluation of spatial variability of the data will be presented as part of the
updated conceptual model in the final MFD.

5.4.10 Mass Flux Coefficients for Sediment-Water Exchange

Subsequent to the MFD, a study was conducted to better understand the partitioning
behavior of PCBs in Housatonic River sediments and surface water. The mass flux from
the sediment bed to overlying water will be adjusted during calibration to match the data

collected in this study. These data will be presented in the final MFD.

5.4.11 Storm Data and Out-of-Bank Flows

EPA agrees that data from a storm larger than those previously sampled would be a
significant addition to the modeling study. Sampling of a 10-year storm or other
significant out-of-bank event will be conducted, if one occurs during the course of this

study. See the discussion in Section 11 (Rare Flood Events) for more detail on this topic.

5.412 Sedflume Data in Floodplain

EPA believes that Sedflume data for floodplain soils are not necessary. A discussion of
the issues related to the lack of Sedflume measurements for floodplain sediments is

presented in Section 13 (Sedflume).

5.4.13 Rating Curves Upstream of Model Domain and Sediment Load
Rating Curves

There is one rating curve station measuring flow, stage height, total suspended solids
(TSS), and PCBs located upstream of the hydrodynamic, sediment transport, and PCB
fate model domain at Pomeroy Avenue. There are also other stations located in the main
river channel from which flow, stage height, TSS, and PCB data have been collected to

construct additional rating curves. The rating curves will be presented in the final MFD.
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5.4.14 PCB Data Analysis on OC-Normalized Basis/Deposition Regime

The conceptual model presented in the MFD included discussion of organic carbon-
normalized PCB concentrations. A more detailed evaluation of the sediment and PCB
data within the main river channel aggregated by depositional regime, including the
examination of OC-normalized PCB distribution, is currently being conducted. This

assessment will be presented in the final MFD.

5.4.15 Use of Long-Term Data

The project database includes all known historical data, all of which have been evaluated
for data quality and usability for the modeling study. A temporal analysis of the PCB
data will be presented in the final MFD.

5.5 REFERENCES

WESTON (Roy F. Weston, Inc.). 2000. Supplemental Investigation Work Plan for the
Lower Housatonic River. Vol. I - Text and Figures and Vol. II - Appendices. Prepared
for U. S. Army Corps of Engineers, New England District, Concord, MA.
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6. ADEQUACY OF DATA—AD

6.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 8 27-29
Bohlen 4 30-41

8 29-34
Endicott 12 42-43
13 1-2
13 3
18 41-44
19 1-4
20 12-16
21 2-3
21 10-24
Garcia 6 28-32
Lick 4 13-14
7 29-37
List 6 39-45
7 1-6
8 12-21
8 29-31
Shanahan 13 23-40

6.2 BACKGROUND

The Housatonic River modeling study is supported by a large, diverse, and carefully documented
data set that has been used to refine the conceptual model of the key processes that determine the
fate of PCBs in the Housatonic River. Over the last 3 years, EPA has collected and analyzed
thousands of individual samples of soil, sediment, water, and biota to characterize the physical
conditions and chemical contamination in the river. Most samples were analyzed for total PCBs,

and a large number of samples were also analyzed for a wide variety of additional constituents,
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including PCB congeners, dioxins/furans, and Appendix IX constituents (40 CFR 264). Many
samples were also analyzed for important ancillary parameters such as total organic carbon and

grain-size distribution.

EPA has completed or is conducting supplemental studies as described in Section 7 (Additional
Data Collection Activities), to provide insight and to support model calibration of such important

processes as sediment resuspension, PCB partitioning, and bedload transport.

Data collected by GE and other parties over the last two decades have also been incorporated
into the project database. EPA has obtained and evaluated these data to assess their usability for

the modeling study and risk assessments.

The MFD presented a conceptual model of the river and floodplain, and a preliminary
identification of the key processes that determine the fate and transport of PCBs and other
constituents in the river, based on the data available at the time it was written. The final MFD
will provide further evaluation of significant processes and a revised conceptual model based on

the expanded database.

This section addresses the concerns raised by the Peer Reviewers regarding the adequacy of the
data to support the development and implementation of the Housatonic River transport, fate, and
bioaccumulation modeling study. Discussions related to the adequacy of data are also presented
in Section 7 (Additional Data Collection Activities), Section 14 (PCB Fate), and Section 19
(Grid Scheme/Spatial Scale).

6.3 SUMMARY OF ISSUES

The Peer Reviewers’ comments on the adequacy of data available to support development and
implementation of the Housatonic River transport, fate, and bioaccumulation modeling study
included concerns regarding:

= Spatial resolution of data in relation to the grid size(s) selected for the model.

= Availability of historical bathymetric data.

= Adequacy of site-specific data on PCB partitioning (pore water collection
techniques).
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= Data quality.

= Adequacy of particle size, density, erosion rates on horizontal scale.
= Spatial/temporal TOC/POC/TSS data.

= Validation of trophic pathways.

= Spatial/temporal plankton and benthos data.

= Mixed layer.

6.4 EPA’S RESPONSE TO COMMENTS REGARDING THE ADEQUACY OF
DATA

6.4.1 Spatial Resolution of Data

The Peer Reviewers questioned whether the spatial resolution of the data is adequate to support
the proposed model grid scheme(s). EPA believes that adequate data are available to support any
reasonable grid scheme for the Housatonic River Modeling Study. A model provides a tool for
mathematically representing physical and biogeochemical processes. The scale over which
processes are assumed to be essentially homogeneous, or within which variability is not a factor,

defines the spatial scale of resolution for a model.

Determination of the model grid is based on the resolution necessary to accurately simulate the
fundamental fate and transport processes. It is not necessary to obtain site-specific data for state
variables for every grid cell, nor is it possible except for a grid at a scale that is too coarse for
proper representation of the processes in a river such as the Housatonic. Modeling studies are
rarely supported by data for each element of the model grid and must therefore employ some

procedure to populate the model grid based on the available data.

Variability in PCB concentrations in the Housatonic River sediment and floodplain data was
evaluated. In general, spatial/temporal variability in the floodplain is small in comparison to the
main channel sediments. Data from transects were collected specifically to investigate cross-
channel variability in sediment. These data and data from numerous other co-located samples in
the river clearly indicate that PCBs, TOC, and grain-size distribution, as well as other

parameters, are highly variable in this system, particularly at more upstream main channel

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION6_AD.DOC 6 3 6/10/2002



AW N =

O o0 3 O Wn

10
11
12
13
14
15
16
17
18
19

20

21
22
23
24
25
26
27
28

locations where localized hydraulic regimes create small-scale features that can vary on the scale
of feet or even inches. These data indicate clearly that considerable localized variability (in both
space and time) exists on scales that are too fine to be sampled directly. Characterization of this

variability will be presented in the final MFD.

In the Housatonic River modeling study, the available data in the floodplain will be used to
develop a spatially weighted surface at 3-m resolution using inverse distance weighting.
Because the model grid likely to be implemented in the floodplain will be larger than the 3-m
resolution resulting from the spatial weighting, values will be assigned to model grids as the

average of the corresponding spatial weighting grid elements.

Analysis of sediment data from the main channel of the river indicates that considerable spatial
and temporal variability exists on a scale much smaller than the scales of interest for the model,
requiring that a different approach than that implemented in the floodplain be used to establish
initial conditions. In these areas, EPA is investigating alternate approaches such as developing
frequency distributions from the data for discrete sections of the river. Under this approach,
model cells in these sections would be populated probabilistically from the frequency
distribution using Monte Carlo techniques. EPA believes that this probabilistic, or some similar,
approach may be a more realistic representation of the state of knowledge of conditions in the
river channel sediments at any point in space and time than the deterministic approach, and that

the existing data density is sufficient to support this approach.

6.4.2 Bathymetric Data Availability

The Peer Reviewers questioned the availability of bathymetric data, both historical and current,
for the river channel and Woods Pond. Since the PCB contamination of the Housatonic River
system was identified approximately 30 years ago, a variety of studies have been conducted by
GE, EPA, and other interested parties. To the extent possible, these historical sources of data
(approximately 100 different studies) have been evaluated for potential use in the modeling
effort. These studies did not include historical bathymetric data for the river channel of Woods
Pond, nor did they include any dredging records. EPA collected extensive cross-sectional data

(over 250 cross-sections) on bed elevations in the river channel and performed a bathymetric
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survey of Woods Pond to support the modeling study. These data were summarized in the MFD,

and provided in EPA’s April 2001 responses to the Peer Reviewers’ questions.

6.4.3 PCB Partition Coefficients

One reviewer questioned whether adequate data exist for properly describing the site-specific
partitioning of PCBs. EPA recognizes that PCB partitioning is technically complex, and that an
understanding of partitioning behavior is important for accurate modeling of PCB fate and
transport in a river system such as the Housatonic. PCB partitioning varies according to the
chlorination level of the individual PCB congener in question. In general, a more highly
chlorinated congener has a higher K,,; consequently, the sediment/water partition coefficient
(Kg) and the organic carbon/water partition coefficient (K,.) are higher, indicating that
comparatively more of the congener is associated with the particulate rather than the dissolved
fraction. Over the range of PCB congeners of concern in the Housatonic River, the differences

in these partition coefficients can be a few orders of magnitude.

Modeling PCB fate and transport requires a choice between the use of a single partition
coefficient to represent more complex behavior or the use of multiple coefficients representing
individual PCB congeners, the latter of which is computationally possible for only the most
simple models. This issue has been recognized for some time. Thomann et al. (1991), for
example, represented PCB homologs in developing a model of fate and bioaccumulation of

PCBs in the Hudson estuary.

A number of approaches are available to accommodate a range of Kgs in the modeling effort. A
common approach is to model level-of-chlorination homolog groups as a compromise between
total PCB and individual congeners. A more direct approach is to use empirically derived site-
specific Kgs for total PCB as a reasonable integrator of what is happening in the system. This
latter approach is proposed for the Housatonic River modeling and is discussed in greater detail

in Section 14 (PCB Fate).

At the time the MFD was prepared in October 2000, a limited amount of data was available to
evaluate the site-specific apparent Kgs in the PSA, particularly in sediments. The Peer

Reviewers expressed a concern regarding the quality of this data due to differing extraction
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techniques. EPA agrees that the data set has limited value for calculating PCB partitioning
coefficients throughout the PSA. A supplemental pore water study, described in Section 7
(Additional Data Collection Activities), generated the data used for calculation of PCB
partitioning coefficients, rendering the Peer Review concerns moot. The results from the pore
water study and the determination of partitioning coefficient(s) to be used in the modeling effort

will be presented and discussed in the final MFD.

6.4.4 Data Quality

One reviewer, while noting that the data inventories suggested that an adequate quantity of data
exists, questioned whether the quality of the data is adequate. The data supporting the
Housatonic River modeling study were collected in accordance with established Standard
Operating Procedures and Protocols presented in the Field Sampling Plan (WESTON, 2001a),
preparation of which was guided by a detailed Supplemental Investigation Work Plan
(WESTON, 2000). All data have been subjected to formal and informal Quality Assurance and
Quality Control review procedures, including formal Good Laboratory Practice validation when
appropriate as specified in the project QAPP (WESTON, 2001b). Automated routine and non-
routine reviews of data are conducted regularly by the project Quality Assurance Team and the
principal investigators. The database is also shared with GE, who use the data and identify

discrepancies for investigation and correction.

The discrepancies cited by the reviewer that led to a comment concerning data quality resulted
from differences regarding the timing and interpretation of data, rather than an issue of quality of
the data, per se. EPA agrees that such issues require further investigation and clarification, but

should not be interpreted to reflect on the quality of the data used in the modeling study.

6.4.5 Adequacy of Particle Size, Density, Erosion Rates on Horizontal Scale

The Peer Reviewers questioned whether sufficient data on sediment characteristics and erosion
rates were available to support the modeling study. Approximately 2,000 sediment grain size
samples have been collected from the main channel of the PSA, a distance of approximately 10.7

miles (17 kilometers). This density of data on sediment characteristics is considerably greater
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than is typically available for studies of this type, and EPA believes that these data are adequate

for establishing initial conditions for the model.

Data on erosion rates, developed from the Sedflume study, are based on 24 cores generating data
on 165 separate sediment “samples” and are therefore these data are less dense than the grain
size data. However, the cores were collected from areas of the river specifically selected to
represent the full range of ambient sediment types. As discussed in the description of the two
alternative methods for use of Sedflume data in the EFDC model in Section 13 (Sedflume),
Method 1 would match the erosion rate data obtained from the Sedflume for this comprehensive
range of sediment types to the grid cells with sediments of corresponding grain size and bulk
density characteristics in the river. Alternatively, Method 2 would use the range of erosion rate
data to develop functional relationships between grain size, bulk density, and erosion rate and
would use these relationships to mechanistically derive erosion rates for grid cells using the
assigned sediment characteristics. EPA believes that the extent of the sediment data, in

combination with the comprehensive Sedflume data, are sufficient to support either approach.

6.4.6 Spatial/Temporal TOC/POC/TSS Data

One reviewer questioned the data available to support some of the equations linking these
parameters from EFDC to AQUATOX. Because EPA has decided to replace AQUATOX with a
simpler bioaccumulation model that does not require similar linkages, the specific question
regarding these equations is no longer applicable. However, the question of available
TOC/POC/TSS data remains valid. EPA has implemented a supplemental surface water
sampling program to address this issue and has also incorporated data collected by GE into the

project database for use in the modeling study.

6.4.7 Validation of Trophic Pathways

A Peer Reviewer commented that data should be collected to validate the trophic pathways in the
food web model. Although EPA agrees that an understanding of predator/prey relationships is
necessary for implementation of a bioaccumulation model, EPA does not believe that site-

specific gut analyses are necessary.
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The bioaccumulation model is based on modeling of trophic levels rather than individual species,
and, to the extent that data for individual species are used in the model, they are intended to serve
only as surrogate values to be applied equally to groups of species based on trophic type.
Accordingly, proper application of the model is not dependent on validation of specific trophic
pathways but rather requires only that the species in the Housatonic River be correctly assigned

to the appropriate trophic type.

As part of the Housatonic River Ecological Characterization (Woodlot Associates, 2001),
available life history information has been assembled and reviewed for species in the PSA that
will be simulated in the bioaccumulation model. This information, in combination with other
literature information on life histories of similar species, and applicable studies in other
watersheds, will be evaluated through a weight-of-evidence approach to assign these PSA

species to the correct trophic type.

6.4.8 Spatial/Temporal Plankton and Benthos Data

One reviewer commented on the lack of spatial and temporal data on plankton and benthos.
Although EPA agrees that the available data may have been inadequate for the calibration and
validation of AQUATOX, ongoing analysis of the sensitivity of candidate bioaccumulation
models indicates that, for the Housatonic system, the models will not be greatly sensitive to
seasonal changes in planktonic and benthic populations. EPA believes, therefore, that the current
data on these communities, which do reflect spatial (though not temporal) variability, will be
sufficient to support the bioaccumulation model at a level that is commensurate with its

sensitivity to these parameters.

6.4.9 Mixed Layer

A reviewer questioned the adequacy of data on the mixed layer. The issue of the mixed or active
layer is discussed in Section 12 (Active Layer). In response to the Peer Reviewers’ comments,
EPA conducted a deep core study encompassing 26 cores collected at 13 locations in the river.
An analysis of these data, in combination with data from other study components, which are now
believed adequate to determine the role of the mixed layer with sufficient accuracy for use in the

model, will be presented in the final MFD.
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7.2 BACKGROUND

The concerns expressed by the Peer Reviewers were of two types: the need for additional data
and the need for further analysis of data. The additional data collection efforts undertaken by
EPA as part of the modeling effort are described in this and other sections. Further analysis of

data is described in other sections of this Responsiveness Summary:

= Role of the floodplain (e.g., source/sink) (Section 8 — Floodplain/Channel
Interactions)

= C(ritical erosion velocities and density profiles (Section 13 — Sedflume)
= Sediment settling speeds (Section 6 — Adequacy of Data)

= Additional Sedflume data (including sediment densities) and their use in the model
(Section 13 — Sedflume)

= Radionuclide measurements (for sedimentation rates and evaluation of sediment
mixing zones) (Section 5 - Conceptual Model/Evaluation of Site Data)

= Sediment rating curves (extrapolated to out-of-bank conditions) (Section 5 -
Conceptual Model/Evaluation of Site Data).

* Flow and TSS monitoring at a tributary (Section 2 - Model Selection, and Section 15
- HSPF).

= Lower food web PCB concentrations (Section 17 - Bioaccumulation Model/
AQUATOX).

= Diet (predator/prey relationships and benthic/pelagic pathways) (Section 17 -
Bioaccumulation Model/AQUATOX).
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= Additional datasets that may not have been considered (Section 5 — Conceptual
Model/Evaluation of Site Data, and Section 26 — Miscellaneous)

7.3 ISSUES
Concerns identified by the Peer Reviewers that will require additional data collection include:

= Surface water transport - organic carbon (POC)/DOC) and TSS relationships, PCB
partition coefficients, and POC/DOC uncertainties.

= Pore water - PCB partition coefficients, relationship with organic carbon.
= Vertical extent of PCB contamination.

= Monitoring of remediation.

= Major storm event.

= Settling velocities.

= River processes - sediment bedload, suspended load, and river meandering.

7.4 EPA’S RESPONSE TO COMMENTS RELATED TO ADDITIONAL DATA
COLLECTION ACTIVITES

EPA agrees that additional data would be useful to support the modeling effort. Accordingly,
supplemental sampling programs that address the concerns identified by the Peer Reviewers have

been planned and/or implemented, as described below.

7.41 Supplemental Surface Water Study

A supplemental surface water study is planned to measure the total, particulate, and dissolved
phases of PCBs and organic carbon (OC) in surface water in the Primary Study Area (PSA).
Other parameters, including total suspended solids (TSS) and chlorophyll-a, will be measured.
These data will be used to parameterize the empirical state variables. These data will augment
those previously collected in the EPA monthly baseline and storm sampling programs, GE’s
water monitoring program, and data being collected in other sampling programs described in this

section.
Samples will be collected at the following locations along the Housatonic River:
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= Pomeroy Avenue Bridge—This station, located on the East Branch immediately
upstream of the PSA, was sampled during the monthly surface water baseline study
and the storm water sampling program, and represents an upstream boundary
condition.

= West Branch (of the Housatonic River)—This station, approximately 60 meters
upstream from the confluence of the East and West Branch, was sampled during the
monthly surface water baseline study and the storm water program, and represents an
upstream boundary condition.

= New Lenox Road Bridge—This station, approximately in the middle of the PSA and
the downstream boundary of the Test Reach, was sampled during the monthly surface
water baseline study and the storm water program.

= Woods Ponds Footbridge—This station, representing the downstream boundary of
the PSA, was sampled during the storm water program. It is approximately 300
meters upstream of the Woods Pond Dam, which is the lower boundary of the PSA.
The Woods Pond Dam was sampled during the monthly surface water baseline study.

Three sampling events are planned for high (>200 cfs as measured at the USGS Coltsville gage),
medium (100 cfs), and low (50 cfs) flows. In addition, a single sampling event at the Pomeroy
Avenue location will be conducted to test the protocol and analytical procedures. A high-volume,
pressure filtration apparatus will be used during sample processing to minimize the effects from

potential PCB adsorption onto the filters and processing apparatus.

Data collected in this study will be used to address the relationship of organic carbon
(POC/DOC) and TSS, PCB partitioning in the water column, and loadings of TSS and PCBs as a
function of flow. Current drought conditions may delay completion of this study; available data

will be presented in the final MFD.

7.4.2 Supplemental Pore Water Study

A supplemental pore water study was conducted to measure PCBs and organic carbon in pore
water and bulk sediment at 50 locations within the PSA. The data will be used to assess PCB
partition coefficients and their relationship to organic carbon in various sediment types

throughout the PSA.

Sediment within the study area ranges from fine, organic silt/clay in Woods Pond to coarse sand

in the upper reaches. Pore water was extracted using the centrifugation-filtration approach. This
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approach was selected over an ultra-centrifugation technique without filtration to minimize
variability due to operator processing and consistency of the separation of the pore water. This
technique, however, did not result in adequate pore water separation for extremely sandy
sediments. An alternative “spin-out” technique was necessary to separate the pore water prior to
the filtration step. In this technique, the wet sandy sediment was placed into a centrifuge vessel
with holes in the bottom, lined with a stainless steel screen. A stainless steel receiving vessel
was placed below the sample vessel to collect the pore water centrifuged from the sandy

sediment at relatively low speeds (200 — 700 rpm).

The results of this study will be presented in the final MFD.

7.4.3 Deep River Cores

Paired deep cores were at collected 13 locations (total of 26 cores) in the main river channel in
the PSA to assist in defining the vertical extent of PCB contamination and in understanding the
geomorphology of the river sediments and sediment stability. This work was a component of the
Supplemental Modeling Investigation but had not yet been conducted at the time of the Peer
Review. Routine sampling in the river was typically conducted at depths of less than 3 feet (0.9

meters) and rarely encountered sediments in which PCBs were not detected.

The deep cores collected during this study were located in pairs, placed on opposite sides of the
thalweg, to depths of up to 13 feet (3.9 meters). The lithology of each core was logged and
videotaped. Sediment samples were collected from the top 6 inches (15 cm) of each core.
Additional samples were collected from 6-inch intervals from particular lithologic layers (e.g.,
clay, peat, sand, gravel) deeper in the core. Samples were analyzed for total PCBs, organic
carbon, and grain size. A bulk density measurement was obtained for each lithological layer
where possible. The remainder of the cores were archived for further interpretation and analysis.

The results of this study will be presented in the final MFD.

7.4.4 Remediation Monitoring

GE is conducting ongoing monitoring as part of the sediment removal being performed in the

first 1/2 mile of the East Branch. The current monitoring program includes a biweekly
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measurement of TSS and total and dissolved PCBs at a location above the remediation (upstream
of the Newell Street Bridge), and downstream of the remediation (downstream of the Lyman
Street Bridge). EPA will conduct a similar program when performing the removal in the 1 '

mile.

In response to concerns raised by the Peer Reviewers, GE has agreed to continue monthly
monitoring of total PCBs, TSS, POC, and chlorophyll-a in the PSA, and has relocated its
historical Hubbard Avenue location to Pomeroy Avenue to provide a continuity of record at the

upstream boundary of the PSA.

7.4.5 Major Storm Event Sampling

To address concerns raised by the Peer Reviewers, EPA will sample a major storm event,
weather permitting, before the conclusion of EPA’s investigation. The objective of the program
is to characterize extreme out-of-bank flow conditions in the Housatonic River. These data
would supplement data from the 1999 storm sampling program. The sampling locations include
West Branch and Pomeroy Avenue (upstream boundary of the PSA), Woods Pond (downstream
boundary), the Electric Power Research Institute (EPRI) location (upstream boundary of the Test
Reach) and New Lenox Road (downstream boundary of the Test Reach).

Samples will be collected for analysis of total PCBs, total organic carbon, and TSS;
measurements will be obtained of the stream velocities and the stage heights (for calculation of
the flows), as allowed by safety considerations due to river conditions. Sediment bedload will

also be measured at the Pomeroy, EPRI, and New Lenox locations.

Data generated by the sampling will allow an assessment of suspended PCB and TSS loads as a
function of flow during an extreme event. In addition, the data will allow the extension of the
rating curves at the various PSA locations. To date, no qualifying storm event has occurred;

therefore, EPA will not be able to report the results of the additional sampling in the final MFD.

7.4.6 Settling Velocities

One of the reviewers requested that data be collected on site-specific settling velocities for the

cohesive sediments. EPA agrees that such data could be of value; however, initial upper and
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Sediment bedload will be measured as a function of flow during up to four high flow
events (three in addition to the extreme event) at the Pomeroy Avenue location, and
upstream and downstream Test Reach boundaries (EPRI and New Lenox Road,
respectively).

Water column samples will be collected at the same locations as the sediment bedload
samples and will be analyzed for TSS, TOC, and total PCBs.

Pressure transducers have been installed to allow a continuous record of stage heights
(and thus flows as the rating curves are developed) at five locations.

Additional Acoustic Doppler Current Profiler (ADCP) studies in the vicinity of the
Test Reach, Woods Pond, and selected other locations have been conducted to
characterize river velocities.

Toe pins were installed at five major river bends and are being measured after storm
events to evaluate bank erosion and slumping. Selected cross-sections are being re-
surveyed after selected flow events, to evaluate bank and sediment bed erosion and
deposition.

A study of river meandering (discussed in Section 8, Floodplain/Channel
Interactions), is being performed to evaluate the importance of this process.

Collectively, these data will contribute to the understanding of sediment bedload, impacts of high

flow events, suspended load, and river meandering, and will be presented in the final MFD as
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8.2 BACKGROUND

The floodplain of the Housatonic River for the purposes of the EPA Modeling Study is defined
by the 10-year flood elevation. The floodplain ranges in width from about 250 to 1,000 meters on
the western side of the river channel and is topographically constrained to less than about 100
meters wide on the eastern side of the river. More than 60 vernal pools and numerous
backwaters of the river have been identified within the floodplain. PCB-contaminated sediments
are present in many of the vernal pools. Soil samples collected from within the floodplain

indicate that PCBs are present throughout most of the floodplains in the Primary Study Area
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(PSA), ranging from non-detect (about 0.5 mg/kg or lower) to greater than 900 mg/kg. PCB
concentrations in floodplain soils are generally highest nearer the river and decrease laterally

away from the river channel.

The processes and interactions of the floodplain and river will be incorporated in the modeling
study to support the evaluation of remedial scenarios associated with contaminated river
sediment and floodplain soils. The modeling effort will account for three different flow
conditions: (1) in-bank flow; (2) moderate out-of-bank flow within the proximal floodplain; and
(3) extreme out-of-bank flood flow onto the distal floodplain. The vegetation density in the
floodplain will also be incorporated in the model framework as a spatially variable friction factor

that attenuates surface water flow and sediment transport over the floodway.

A preliminary evaluation of the EPA data suggests that most of the PCB mass in the PSA is
situated in the bed sediment of the river, riverbanks, and floodplains. Less than 1% of the total
resident mass of PCBs is accounted for by sediment in the aggrading and point bars of the river.
The Conceptual Model section of the MFD described the processes and terrains that affect the
distribution of PCBs in the system. Some of the processes that relate to the interaction of the
river with the proximal floodplain were still under investigation at the time of preparation of the
MFD in October 2000. The final MFD will be revised to include the findings from these more
recent investigations. Monitoring and sampling of surface waters in the PSA during a high-flow

event is planned for the future.

This section presents EPA’s response to comments related to Floodplain/Channel interactions.
Further responses to issues related to the river channel and floodplain interactions of the
Environmental Fluid Dynamics Code (EFDC) grid scheme are presented in Section 19 (Grid
Scheme /Spatial Scale) of this Responsiveness Summary. The “experimental nature” of the

proposed application of EFDC is addressed in Section 16 (EFDC).

8.3 SUMMARY OF ISSUES
The Peer Reviewers focused on the following issues related to floodplain/channel interactions:

= Adequacy of the Conceptual Model to describe the function of the floodplain
environment as a source or depository of PCB-contaminated sediments.
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= Representation of the transition from in-bank flow to out-of-bank flow conditions,
and the accuracy of the representation of out-of-bank flow using the EFDC Model.
The Peer Reviewers asked how the use of the dual grid scheme in the hydrodynamic
model would influence predictions of the transport and fate of PCBs within the
floodplain.

= Alternatives to the proposed two-dimensional application of EFDC. The Peer
Reviewers suggested that simpler, one-dimensional models be considered as an
alternative to the proposed two-dimensional application of EFDC. It was noted that
the proposed coupling of a highly meandering river and floodplain has never been
accomplished using EFDC or any other hydrodynamic model.

8.4 EPA’S RESPONSE TO COMMENTS REGARDING FLOODPLAIN/CHANNEL
INTERACTIONS

8.4.1 Conceptual Model of Floodplain

EPA intends to expand the Conceptual Model section of the MFD to include a description of the
fate and transport of PCBs in the floodplain. The modeling team agrees with the Peer Reviewers
that the thick vegetative cover attenuates the velocity of flow across the floodplain and creates a
depositional environment for sediments in the distal floodplain. Additionally, EPA agrees that
PCBs suspended in the water column and adsorbed to these sediments or other particulates are
also attenuated by the presence of vegetation. The effect of the floodplain vegetation is expected
to vary by habitat type and by season. The modeling team preliminarily concludes that the entire
floodplain acts as a depositional sink for PCBs sorbed to sediments, with only the proximal
floodplain likely to serve as a source of PCBs during high flow conditions. Additional data
collection and analyses are underway to refine the Conceptual Model and will be presented in the
final MFD. The final MFD will include a more detailed evaluation of the extent of PCBs in the
distal and proximal floodplain, estimates of bank erosion rates, a discussion of how EFDC will
represent the transport of sediment in the distal floodplain, and an analysis of the historical

changes in meanders of the river.

8.4.2 Use of the Hydrodynamic Model (EFDC) To Represent the Transition from
In-Bank Flow to Out-of-Bank Flow Conditions

Additional work has been performed since the MFD that addresses the concerns expressed by the

Peer Reviewers with respect to the ability of EFDC to represent the hydrodynamics and sediment
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transport between the river channel and floodplain during out-of-bank flow conditions.
Specifically, the modeling team has developed and is testing different grid schemes conserving
mass and momentum between the river and proximal floodplain. The final MFD will provide
more detail on this approach, including the formulations and graphical representations
demonstrating velocity vectors and the conservation of mass and momentum for the test reach.
Two model test cases, using data presented in Lopez and Garcia (1998) and James et al. (2001),
will be compared with results obtained from EFDC to test the hydrodynamic effects of
vegetation and flow in the model during the transition from in-bank to out-of-bank flows in the

revised MFD.

8.4.3 Alternatives to the Proposed Two-Dimensional Application of EFDC

It was suggested that EPA consider the use of separate one-dimensional models to represent the
three distinct flow conditions of: (1) in-bank flow; (2) moderate out-of-bank flow within the
proximal floodplain; and (3) extreme out-of-bank flood flow onto the distal floodplain. Panel
members noted that a number of one-dimensional models have an extensive track record of
successful applications for flood risk simulations of floodplain inundation. The modeling team is
aware that one-dimensional hydrodynamic models, such as NOAA’s NWS FLDWAYV model
(NOAA, 2000), have been successfully applied for numerous flood risk investigations, yet
believes that this approach would not adequately represent the circumstances and processes for

the Housatonic River.

Calibration of the type of one-dimensional model suggested by the Peer Reviewers requires that
three sets of “composite” bottom friction coefficients be determined to reproduce observed stage
heights for each of the three distinct flow conditions. The friction factors that are calibrated for
each separate flow condition thus represent a set of cross-sectional coefficients that
parameterizes the lateral variability of bottom friction for the very different bottom conditions of
the river channel, river bank, and the different types of vegetation in the proximal floodplain and
distal floodplain. If the only objective of a one-dimensional model is the simulation of stage
height to map the extent of floodplain inundation at different elevations under the three sets of
flow conditions, as it is for FEMA studies for example, then the use of a simplified one-

dimensional hydrodynamic model is an appropriate choice.
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A one-dimensional hydrodynamic model that is then interfaced with the sediment transport and
PCB transport and fate models, however, will provide only the longitudinal distribution of
sediments and PCBs for each of the three flow conditions along the length of the Housatonic
River. For the in-bank flow condition, a longitudinal simulation is an appropriate simplification
that averages out the small lateral and vertical gradients of sediment and PCBs across the
channel relative to the much larger gradient along the length of the river channel. However, for
the out-of-bank flow conditions, the one-dimensional model will provide only a single
concentration of sediment and PCBs for each cross section of the river channel. Vertical
dependence of PCBs would be simulated by the representation of multiple bed layers in the
model. The results would provide only a laterally averaged concentration of sediments and
PCBs along the length of the river. No quantitative information can be extracted from the one-
dimensional model results to test the performance of the model against the observed distributions
of PCBs at different locations along the river, which have been characterized by significant

cross-sectional gradients.

The MFD proposed the use of one-dimensional models, such as GSTARS (Yang et al., 1998)
and HEC-6, to assist in bounding parameter estimates and overall sediment behavior for in-bank
flow conditions. EPA believes that further use of one-dimensional models of hydrodynamics
and sediment transport to predict PCB distributions within the model domain would result in
excessive spatial averaging, especially in a floodplain that is up to a 1,000 meters wide, with
PCB concentrations ranging from non-detect to more than 900 mg/kg. More detailed discussion
of EPA’s review and evaluation of alternative one-, two-, and three-dimensional models of

hydrodynamics and sediment transport will be presented in the final MFD.

8.5 REFERENCES

James, C. S., W. Liu, and W.R.C. Myers. 2001. “Conveyance of Meandering Channels with
Marginal Vegetation.” Water and Maritime Engineers, Proceedings of the Institution of Civil
Engineers, 148(2): 97-106.

Lopez, F. and M. Garcia. 1998. “Open-Channel Flow Through Simulated Vegetation: Suspended
Sediment Transport Modeling,” Water Resources Research, 34(9): 2341-2352.

NOAA. 2000. FLDWAYV, Version 2-0-0, June 1, 2000. NOAA National Weather Service
(NWS), http://www.nws.noaa.gov/oh/hrl/rvrmech/fldwav1.htm
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9. FLOODPLAIN VEGETATION—FV

9.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Bohlen 6 38-46
7 1-10
Garcia 3 41-47
Shanahan 6 37-40
7 1-10

9.2 BACKGROUND

The floodplain of most rivers is characterized by deposits of fine-grained sediments from
recurring cycles of overbank flood-flow events. The rate of sediment deposition is highly
variable, and depends upon the sediment load; the character of the sediments; the magnitude,
frequency, and duration of the overbank flows; and the morphology of the floodplains.
Vegetation in the floodplain is an important process in the Housatonic River Primary Study Area
(PSA) because vegetation attenuates flow, which results in an increase in sediment deposition
and decreases resuspension. The effects of floodplain vegetation on attenuating flow will be
represented in the hydrodynamic model to adequately simulate solids deposition and the decrease
in resuspension attributable to floodplain vegetation. EFDC will be calibrated to obtain good
agreement with the simulated depth of flow over the floodplain and observed elevations during

storm events.

9.3 SUMMARY OF ISSUES

The Peer Reviewers identified the following issues regarding the impact of floodplain vegetation

on the fate and transport of PCBs in the Housatonic River:

= The role of vegetation in trapping sediments and associated pollutants needs to be
discussed. The reviewers commented that this may be an important factor in
sediment transport, and that simply increasing floodplain roughness coefficients in
EFDC will not tell us much about the fate and transport of PCBs in woody areas
commonly found in the floodplain.
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» They further commented that some portion of the sediment deposited on the
floodplain may remain mobile to be progressively washed from the surface of the
floodplain by subsequent rainfall events, independent of river stage.

9.4 EPA’S RESPONSE TO COMMENTS REGARDING FLOODPLAIN
VEGETATION

9.4.1 Role of Floodplain Vegetation and Bottom Roughness

EPA agrees that the effect of floodplain vegetation on sediment and PCB transport must be
accounted for in the model simulations. Sediment transport in the vegetated floodplain is
affected by the same parameters as open channel flow; namely, the sediment particle settling
velocity and the hydraulic characteristics of the flow. Hydraulic conditions are significantly
influenced by the presence of vegetation, which tends to reduce velocity, decrease momentum
transfer to the bed, and modify the turbulent structure of the flow. These impacts decrease
sediment transport capacity, increase deposition rates, and decrease resuspension of solids on the
vegetated floodplains. The magnitude of the impact depends on a variety of factors, the most
significant being the vegetation density and the height of the vegetation relative to the flow depth
(Fischenich, 1996; Lopez and Garcia, 1998). Thus, the effect of the vegetation varies by season
and wetland vegetative type so that various combinations of these factors will reduce the
suspended sediment load to differing degrees. Vegetated floodplains have been shown to have
“trap efficiencies” ranging from 40 to 90%, depending on the characteristics of the sediment,

flow, vegetation, and floodplains (Thornton et al., 1997; Leeds et al., 2000).

These processes will be represented in EFDC by flow over the floodplain as a function of
vegetation stem densities and diameters. These parameters will be adjusted to match hydraulics

in the model (i.e., to match timing of flood peaks) to achieve calibration.

9.4.2 Floodplain Runoff of Solids and PCBs

The ability of overland flow to entrain sediments from the vegetated floodplain along the
Housatonic is severely limited by the low slopes. The surface water flow does not generate the
near-bed turbulence or shear stress necessary to erode the sediment particles except in areas of

flow concentration in the proximal floodplain. Moreover, any sediments eroded from the
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floodplain are likely to be entrained by vegetation prior to delivery to the main channel. Thus,
suspended sediment and PCB loadings from the floodplain to the river due to storm runoff is not
considered to be a significant process and will not be directly included in the modeling
framework. The potential for reintroduction of larger volumes of floodplain sediment to the
channel because of channel avulsions or localized bank erosion is being evaluated as part of the

study on meandering and bank erosion.

9.5 REFERENCES

Fischenich, J.C., 1996. Velocity and Resistance in Densely Vegetated Floodways. Ph.D.
Dissertation, Colorado State University. University Press, Fort Collins, CO.
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Lopez, F. and Garcia, M. 1998. “Open Channel Flow Through Simulated Vegetation:
Suspended Sediment Transport Modeling.” Water Resources Research, 34(9): 2341-2352.

Thornton, C.I., S.R. Abt, and W.P. Clary. 1997. “Vegetation Influence on Small Stream
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10. BANK SLUMPING/EROSION/MEANDERING—BSE

10.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Bohlen 5 28-38
7 28-29
Endicott 19 9-15
Garcia 4 41-46
5 1-4
6 18-26
7 8-45
Lick 7 19-27
List 2 39-44
Shanahan 3 9-22
3 23-27

10.2 BACKGROUND

Localized bank erosion, mass failure of banks, and bar formation occur on a small time scale on
the Housatonic River. Over a time scale on the order of hundreds to thousands of years, large
changes occur through channel meandering processes, oxbow cutoffs and channel avulsions, and

larger bar/terrace formation.

The primary mechanism of bank loss on the Housatonic River is gradual erosion of the
unvegetated bank toe, followed by translational, rotational, or cantilever failure of the middle and
upper banks. Upper bank failures are generally discrete events that often capture large trees from
the riparian corridor. This introduction of large woody debris into the stream channel plays a
significant role in the channel evolution process on the Housatonic River. The large woody
debris constricts the channel, generates local turbulence, and amplifies both the rate and

magnitude of local bank erosion and sediment deposition.
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Longer-term meandering, avulsion, and terrace formation processes on the Housatonic River
result from external stresses (i.e., river discharge and sediment supply) acting upon the channel
boundary. Variations in vegetative cover, sediment and soil stratigraphy and characteristics, and
channel morphology cause smaller scale processes, including bank failure, erosion, and
deposition to occur, and result in outward and downstream migration of bendways and
concurrent point bar evolution. The external stresses and the channel boundary conditions
change with time and vary spatially, thus making it difficult to formulate predictive equations for

channel meandering.

EPA has divided the Primary Study Area (PSA) of the Housatonic River into four reaches:
Reach 5a, the confluence to the wastewater treatment plant; Reach 5b, the wastewater treatment
plant to Roaring Brook; Reach 5c, Roaring Brook to Woods Pond, and Reach 6, Woods Pond.
EPA has characterized the primary processes affecting bank slumping and erosional meandering

in each reach as follows:

= In Reach 5a, erosion and deposition are primarily controlled by large woody debris as
discussed above. Erosion and deposition are largely unrelated to the channel
planform, and the reach is very active. Approximately one-third of the banks are
eroding/failing, approximately one-third are stable, and the remainder are
depositional.

= Reach 5b is less active, and the processes are more consistent with channel
morphology. The reach is primarily erosional, with some point bar formation.

= Reach 5c is very low gradient and has little active bank erosion. Sediment deposition
is nearly uniform along the channel margins and consists of a thin layer of fine
sediments.

= Reach 6 is a pond with little or no banks. No erosion occurs.

This section presents EPA’s response to comments related to bank slumping, erosion, and
meandering. EPA’s findings regarding these processes in each reach will be presented in greater

detail in the final MFD.

10.3 SUMMARY OF ISSUES

The Peer Reviewers offered comments regarding the impact of the meandering process and its

relationship to PCB flux and distribution. These comments centered on the magnitude of the
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geomorphological changes within the modeling time scale. The cumulative impacts of channel
scour and deposition, bank erosion, bank slumping/failure, and bar/terrace formation may
influence the mass of PCBs that could become mobilized. The Peer Reviewers noted that these
processes and the associated flux of PCBs into the river were not adequately described in the

Conceptual Model. The major categories of the issues are summarized below:

= Do geomorphological data exist to determine the magnitude of the various processes
within the time scale of the Housatonic River model framework? The reviewers
believed that this information is needed in order to make determinations regarding
whether a particular process should be included in the model.

= Process-based analyses should be conducted to estimate the magnitudes and impacts
of the processes in question, especially if direct measurements are not available.

= [f a specific process is deemed important, how will it be incorporated into the model
and what are the implications to the model and the modeling process?

Some comments regarding the distal floodplain have also been addressed in Section 19.4.4 (Grid
Scheme/Spatial Scale). The modeling team is evaluating the literature references provided by
the reviewers and will consider the approaches presented in this literature in the development of

the final modeling approach.

10.4 EPA’S RESPONSE TO COMMENTS REGARDING BANK SLUMPING,
EROSION, AND MEANDERING

10.4.1 Data Availability

Assessments of historical aerial photography (including the over-flight conducted in 2000) and
topographic surveys are being performed by EPA to estimate the sediment mass that has been
added to the river from bank failures/erosion and channel meandering in the past 40 to 50 years.
An assessment of near-term channel and bank processes is also underway. In 2000, toe pins
were installed at five major bends in the Test Reach and are being monitored to measure bank
erosion and accretion. In addition, numerous channel cross sections within the PSA are being

resurveyed periodically to assess seasonal/storm event-induced changes in channel morphology.

EPA is conducting bank surveys along the river to monitor the frequency, size, and location of

bank failures, as well as to characterize the mechanisms of failure. The main objectives of the
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study are to characterize and quantify the spatial and volumetric properties of erosion and

deposition. Data being collected for each river reach include:

= The percent of bank eroding, percent accreting, and percent stable over a short time
frame and following several flow events (1.5-year storm event).

=  Modes of bank loss.

= The volume of bank erosion and accretion per area (or in a representative sample of
eroding and accreting areas).

= Boundary conditions including vegetation, soil lenses, and sediment grain size for a
sample of eroding banks.

The evaluation of all the historical channel data, as well as the toe pin, channel resurveys, and

bank surveys, will be included in the final MFD.

10.4.2 Process Models

EPA is conducting analyses to determine the significance of the river meandering processes to
estimate the mass of sediment and PCBs mobilized into the river. From the net change in bank
position and estimates of bank heights (using both current and historical topography), sediments
and PCB loads to the river will be determined. From this assessment, taken with other metrics
such as the bank loadings, the significance and location of this process can be used to inform the

modeling effort.

10.4.3 Modeling Framework

EPA acknowledges that it is important to understand the contribution of solids and PCBs
resulting from past and future meanderings of the Housatonic River. Based on the preliminary
investigations performed by EPA since October 2000, it is not necessary to explicitly represent
channel width changes, bank slumping erosion processes, meandering, or other larger scale
geomorphologic changes in the model framework. These processes are influenced by physical
conditions (e.g., root density, unexposed clay layers, thin layer sediment strata in the overbanks,
individual bank slopes), which are of a much smaller spatial scale than the Housatonic River
modeling should simulate. The locations and specific mass loading of solids and PCBs are best

described empirically.
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Using the results from the analysis summarized above, these processes will be represented in
EFDC by the removal of sediment (and associated PCBs) from the proximal floodplain cells and
transferred to the adjacent channel cell as a mass loading term. The mass and timing of these
transfers will be based on annual/seasonal bank erosion and failure rates developed from the
existing data and ongoing investigations. Adequate data are not available (nor could they be
collected) to parameterize the model to any greater level of detail within an acceptable range of
uncertainty. Integrating these processes within each reach, as spatial and temporal forcing
functions, will provide a level of resolution in the EFDC model appropriate for the modeling

study objectives.

Bar formation on a spatial scale that is smaller than reasonable model grid cell dimensions will
be treated as part of the overall bed erosion/deposition of the sediments. Bars that are larger than
the grid cell dimensions will be subject to the initial sediment bed conditions and simulated
channel hydraulics in that river segment. No other attempt will be made to explicitly model bar
dynamics at the subgrid scale. Calculations based on the available data indicate that the PCB
mass contained in the bars constitutes a small percentage of the overall mass of PCBs in the

Housatonic River.
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11. RARE FLOOD EVENTS—RF

11.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 6 28-39
6 41-44
7 1-3
Bohlen 7 17-26
Endicott 14 29-35
Garcia 4 13-23
Lick 4 39-43
5 1-3
Shanahan 7 9-17
12 18-28

11.2 BACKGROUND

The widespread presence of PCBs in the soil of the Housatonic River floodplain without any
identified point sources other than the GE facility upstream indicates that flood events are a
factor in the transport of solids and associated PCBs from the river channel to the floodplain.
Rare or extreme flood events may contribute significantly to the mass transport of PCBs from the

river channel to the floodplain.

One of the objectives of the modeling study is to quantify the relative contribution of extreme
storm events to the resuspension and redistribution of PCB-laden sediment within the study area.
An additional objective is to evaluate the effectiveness of remedial scenarios that address

contaminated floodplain soils and sediments in the river channel.

An explicit representation of the processes and interactions of the floodplain and river channel
that influence the spatial distribution of flow, solids, and PCBs in the floodplain will be
incorporated in the hydrodynamic, sediment transport, and PCB fate models to address these

objectives.

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION11_RF.DOC 1 1 1 6/10/2002



AW N

O o0 9 N

10

11

12

13

14
15

16
17

18

19

20
21
22
23
24
25
26
27

The model must be able to account for three different flow conditions: (1) in-bank flow; (2)
moderate out-of-bank flow within the proximal floodplain; and (3) extreme out-of-bank flood
flow onto the distal floodplain. The degree to which rare flood events affect flow, solids, and
contaminant transport is highly dependent on the specific conditions within a particular river

system.

This section focuses on the representation of out-of-bank extreme flow onto the distal floodplain
in the model framework. Additional responses to the Peer Reviewers’ concerns regarding to the
treatment of floodplain processes in the model framework are presented in the responses to
Section 8 (Floodplain/Channel Interactions), Section 19 (Grid Scheme/Spatial Scale), Section 9
(Floodplain Vegetation), and Section 13 (Sedflume).

11.3 SUMMARY OF ISSUES
The concerns of the Peer Reviewers can be summarized as follows:

= The absence of data collected under extreme high flow conditions.

= The ability of the watershed and hydrodynamic models to accurately represent rare
flood events.

* The ability of sediment transport and PCB fate models to accurately represent mass
fluxes during rare flood events.

11.4 EPA’S RESPONSE TO COMMENTS RELATED TO RARE FLOOD EVENTS

11.4.1 Absence of Data Collected Under Extreme High Flow Conditions

EPA agrees that data that represent extreme flood conditions would be useful in calibrating the
models. EPA collected data during a series of 10 storm events sampled during 1999 and
presented the data in the MFD. During this period of sampling, abnormally dry conditions
prevailed. The largest storm that was monitored had a return period of approximately 1.5 years.
The team is confident that a reasonable calibration of the models can be obtained using the data
that are available from the special studies, routine sampling, and the storm event monitoring
program data sets, as well as aerial photography and limited hydrology data from two extreme

storms. However, in response to the Peer Review comment, EPA intends to monitor a 10-year,
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or some other large magnitude, out-of-bank flood flow event, should such an event occur before
completion of the modeling study. If such an extreme flow event does not occur, evaluation of
the effects of a rare flood event on solids and PCB fluxes will then be based on an evaluation of
the reasonableness of the results obtained from the simulations of sediment and PCB transport

under such extreme conditions rather than on a comparison to observed data sets.

The evaluation of reasonable results will include a comparison of the simulated hydrology with
the aerial photos of an extreme flood event that occurred during August 1990, and for a storm
that occurred in June 2000, for which stage measurements and observations of out-of-bank water
levels were collected. During the August 6 to 9, 1990 event, streamflow measured at Coltsville
ranged from 200 to 4,080 cfs. During the June 2000 event, streamflow measured at Coltsville
ranged from 120 to 2,642 cfs. This information will be used to test the ability of the
hydrodynamic model to reproduce the spatial extent of penetration of flood flow onto the distal

floodplain.

Based on the evaluation of the floodplain soil grain size distribution and vegetation, EPA does
not believe that additional Sedflume data from the floodplain are necessary for calibration of the
sediment transport model. Additional information relative to this conclusion is provided in

Section 13 (Sedflume) and will be presented in the final MFD.

11.4.2 Ability of the Watershed and Hydrodynamic Models To Accurately
Represent Rare Flood Events

EPA concurs with the Peer Reviewers that HSPF will accurately simulate rare flood events
because HSPF has been designed to specifically represent watershed runoff driven by a series of

storm events.

With respect to the hydrodynamic model (EFDC), the fundamental processes included in the
model are applicable to the range of anticipated flow regimes. The resolution and accuracy of
the elevations of the river channel bed and the floodplain as represented by the computational
grid scheme will influence the extent to which the hydrodynamic model will provide an
acceptable representation of extreme flood flow conditions. Digital terrain data obtained from

the USGS topographic database have been supplemented with field surveys of floodplain and
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river channel topography to develop a digital terrain model that will provide input data for
EFDC. Another factor in the ability of the hydrodynamic model to simulate flow-driven
fluctuations of surface water elevations is the representation of the spatial variability of the
bottom friction factor and the vegetation-related friction factor for the floodplain. A more
detailed discussion of the computational grid and floodplain vegetation is presented in the

responses to Section 19 (Grid Scheme/Spatial Scale) and Section 9 (Floodplain Vegetation).

In response to the concerns expressed by the Peer Reviewers related to the conservation of
momentum between the proximal and distal floodplain in the proposed dual-grid scheme, EPA
has modified the approach originally proposed in the MFD. The EFDC code has been revisited
since the Peer Review Meeting, and alternatives have been identified. The final MFD will
include an overview of these alternatives in a discussion of the computational grid schemes. To
demonstrate the ability of the hydrodynamic model to represent the transition from in-bank flow
to out-of-bank flow under extreme flood flow events, the modeling team is applying EFDC to a
series of test cases derived from simulation data sets published by Lopez and Garcia (1998);
James et al. (2001); Shiono and Muto (1998); Ervine et al. (2000); and Patra and Kar (2000).
See discussion under Section 19 (Grid Scheme/Spatial Scale) for more details of the proposed

test cases.

11.4.3 Ability of Sediment Transport and PCB Fate Models To Accurately
Represent Mass Fluxes During Rare Flood Events

Although EPA concurs that large storm events contribute to sediment flux and solids
redistribution in the Housatonic River, EPA believes it is premature to conclude that extreme
flow events are the dominant factor that controls PCB fluxes in the Housatonic River. The
modeling team is conducting a sediment and PCB flux analysis that will refine the conceptual
model and evaluate the relative importance of base flow versus storm flow. In conjunction with
this flux analysis, the modeling team will use one-dimensional models, such as EFDC-1D (Tetra
Tech, 2001) and HEC-6 (USACE, 1991), to compare the results of one-dimensional simulations
to the two-dimensional EFDC simulations of both water levels and solids transport in the

floodplain. See the discussion in responses to Section 8 (Floodplain/Channel Interactions),
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Section 2 (Model Selection), and Section 19 (Grid Scheme/Spatial Scale). The methods used
and the results of the flux analyses for solids and PCBs will be presented in the final MFD.
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12. ACTIVE LAYER—AL

121 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 8 31-32
Endicott 17 18-26

12.2 BACKGROUND

The active layer represents the integration of numerous processes, including bedload transport,
bioturbation, turbulent flow from debris, and wind action, and controls the interactions of many
sediment transport and sediment/water column fluxes during erosive events. EFDC simulates
the active layer by altering the bulk density and layer thickness. In the initial response to
questions from the Peer Reviewers, it was noted that an active layer depth of 6 inches (15 cm)

would serve as the operational definition throughout the Primary Study Area (PSA).

12.3 SUMMARY OF ISSUES
The Peer Reviewers’ comments and concerns regarding the active layer were as follows:

= Determination of bio-mixing coefficients
= Selection of a 6-inch mixing depth.

12.4 EPA’S RESPONSE TO COMMENTS REGARDING THE ACTIVE LAYER

In response to comments received from the Peer Reviewers regarding the establishment of a
single 6-inch active layer throughout the PSA, EPA has conducted further review of site
conditions and available site-specific data to provide better documentation of the depth and

variability of the active layer in the PSA. This review includes:

= Development of a better working definition of the active layer. The definition
presented in the final MFD will include a discussion of how the active layer is
handled versus the subsurface layers in the model.

= Assessment of the deep cores collected in the river.

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION12_AL.DOC 12 1 6/10/02



N —

B~ W

= Review of data that have direct or indirect bearing on the numerical value chosen for
the active layer.

The results of this work will be presented and discussed in the final MFD. The final MFD will

also include an expanded section on the use of the active layer in the model.
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13. SEDFLUME—SF

13.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Endicott 14 37-44
Lick 5 5-13

6 31-45
7 1-15
List 7 35-45
8 1-3
Shanahan 3 37-38
6 13-22
12 18-28
15 7-22

13.2 BACKGROUND

An accurate representation of resuspension processes for cohesive and non-cohesive sediment is
needed for developing a PCB fate and transport model. Erosion rates and critical stresses that
trigger resuspension of cohesive and non-cohesive sediment are key parameters in the sediment
transport model. To reduce uncertainty for these parameters, site-specific data on sediment

resuspension have been collected for the sediment transport model.

In summer 2000, the Waterways Experiment Station (WES) collected, and subsequently
analyzed, 24 Sedflume cores (McNeil et al., 1996) and performed 18 Particle Entrainment
Simulator (PES) (Tsai and Lick, 1986) tests on cohesive and non-cohesive sediments from the
Housatonic River Primary Study Area (PSA) to support development of the sediment transport
model. These data are reported in Sediment Erosion Study for the Housatonic River,

Massachusetts (Gailani et al., 2000).
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The Sedflume data provided direct estimates of gross erosion rate as a function of grain size and

bulk density. Sedflume data can be used to drive a sediment transport model using either of the

following two methods:

Method 1— The gross erosion rate measured in the Sedflume is directly input into a
properly formulated sediment transport submodel. The data collected from the most
representative core for each sediment type and/or bed region are assigned to the
computational grid cells of the sediment bed submodel based upon the assigned grain
size of the sediment for that cell. This approach applies the observed erosion profile
from a Sedflume core to a specific location, and is dependent on a sufficient number
of cores collected to accurately represent the operationally defined sediment groups.
Jones and Lick (2000) used this approach to obtain results for a sediment transport
model developed for Lower Green Bay in Wisconsin.

Method 2— Gross erosion rates, bulk densities, median grain sizes (d50’s), and
organic carbon contents obtained from the Sedflume study are used to develop
functional formulations for critical shear stress (Jepsen et al., 1997a; 1997b; Jepsen et
al., 1998). This approach requires that the functional formulations for erosion be
valid over the range of site-specific conditions, and that the total number of samples
(number of cores and number of depth intervals per core) is sufficient to statistically
represent the bulk erosion properties for each operationally defined particle size class.

This section addresses concerns from the Peer Reviewers related to the use of Sedflume data in

the model. The use and adequacy of Sedflume data is also addressed in Section 9 (Floodplain

Vegetation) and Section 19 (Grid Scheme/Spatial Scale).

13.3 SUMMARY OF ISSUES

The Peer Reviewers had two main issues with respect to the Sedflume data:

Sufficiency of the data. Although several reviewers felt the study would benefit from
more data in the river channel, the focus of the comments about the sufficiency of
data dealt more with the lack of Sedflume data for the floodplain. Since data were
not collected from the floodplain, the concern of the Peer Reviewers was that there is
insufficient information to describe the erosion properties of floodplain soils to
support the development and calibration of the sediment transport model under out-
of-bank flood flow conditions.

Use of the Sedflume data to assign input parameter values for the sediment
transport model. The results from the Sedflume tests are represented as a gross
erosion rate as a function of the grain size and bulk density. Using these data, values
of critical shear stress for erosion can be computed. The main concern cited by the
Peer Reviewers is whether the Sedflume data will be used directly as depth-dependent
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gross erosion rates (Jones and Lick, 2000) (Method 1) or whether critical shear
stresses derived as functional formulations from the Sedflume data will be input to
the model (Method 2).

13.4 EPA’S RESPONSE TO COMMENTS REGARDING SEDFLUME DATA

13.4.1 Sufficiency of Data for the Floodplain Soils

Although several reviewers expressed a concern over lack of Sedflume data in the floodplain,

EPA believes that Sedflume data for the floodplain are not necessary.

Given the same grain size distribution and bulk density, the main difference between the erosion
characteristics of channel sediments and the floodplain soils is the armoring or surface protection
mechanisms of the bed. With the floodplain soils, the primary protection from erosion, other
than being out of the high shear stress areas, is the presence of vegetative cover. The vegetation
on the Housatonic River floodplain ranges from grasses and shrubs to large trees, and varies
seasonally. The importance of these factors in the erosional processes in the floodplain
outweighs the soil erosion characteristics. An overview of the floodplain soil properties will be
provided in the final MFD. In addition, Section 9 (Floodplain Vegetation) presents more

information on this topic.

Generally, during a Sedflume test, the effect of vegetation is not measured because non-sediment
debris is removed from the core as it is exposed (debris is treated as a “contaminant” for the
Sedflume test), and the Sedflume coring device can not practically collect a sample from soils
with even moderate vegetative cover because of interference of roots and woody debris.
Sediment cores with short-cropped grass (<4 cm) are the only type of vegetated cores that it
would be possible to recover for conducting a Sedflume test. In addition, were it possible
characteristic cores, a multi-season effort and a large number of samples would be required to
represent the range of soil and vegetation types and seasonal conditions that occur in the
floodplain. Therefore, EPA believes that it is not possible to obtain representative data on
floodplain soils using the Sedflume, and that Sedflume data in the floodplain are not critical to
the success of this modeling effort. Use of the river channel Sedflume data, in conjunction with
literature values and an appropriate consideration of floodplain vegetation, is expected to be

sufficient to parameterize the model, particularly because it is generally agreed that the distal
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and, to a lesser extent, the proximal floodplains serve primarily as a depositional environment for

solids.

13.4.2 Use of Sedflume Data

Twenty-four cores were collected from the Primary Study Area (PSA) and analyzed at
approximately 2-cm intervals with the Sedflume device, resulting in over 165 samples.
Locations were selected within the river channel, Woods Pond, and selected backwaters to
represent a range of sediment grain sizes. Within EFDC, each sediment size class has assigned
erosion parameters, which do not vary over space or time. Therefore, once the erosion
parameters for a size class are determined, these values will apply to the appropriate size class

for all computational grid cells in the model domain.

In the response to the Peer Reviewers questions in April 2001, EPA outlined the Method 2
approach to using Sedflume data in the sediment transport model. The proposed approach was to
compute the critical shear stress for erosion as a function of bulk density and grain size, and then
assign the erosion properties to each particle size class modeled. Because the sediment transport
characteristics are associated with each particle size class, once the distribution of the size
classes within the model domain is mapped, the spatial patterns of erosion can be estimated. The
final MFD will clarify the approach by showing example calculations performed on the Test

Reach.

EPA is considering the incorporation of the Sedflume results directly into a modified version of
the EFDC model using the methodology developed by Jones and Lick (2000). The advantages
and disadvantages of each of the two methods as well as EPA’s approach for using Sedflume

measurements for the Housatonic River study will be discussed in the final MFD.

13.5 REFERENCES

Gailani, J. Z., S. J. Smith, M. G. Channell, G. E. Banks, and D. B. Brister. September 2000.
Sediment Erosion Study for the Housatonic River, Massachusetts (DRAFT). U.S. Army Engineer
Research and Development Center, Vicksburg, MS.

Jepsen, R., J. Roberts, and W. Lick. 1997a. “Effects of Bulk Density on Sediment Erosion
Rates.” Water, Air and Soil Pollution, 99: 21-31.
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1 14. PCB FATE—PCB

2 141 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 5 29-31
Endicott 10 15-40

10 44
11 1-3
11 7-44
12 1-2
13 5-8
16 23-44
17 1-12
17 44-45
18 1-37
19 30-44
20 1-10
List 5 42-45
6 1-2
Lick 7 39-45
8 1-18
8 20-26
8 28-32
11 10-13
Shanahan 14 26-34
14 35-41
15 1

4 14.2 BACKGROUND

5  The rate and mode of transformation or degradation of PCBs in the environment is
6  generally referred to in this document as PCB fate. PCBs are a complex mixture of up to

7 209 congeners. Each congener has specific physical and chemical properties that affect
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the transport of that congener. The number of congeners, if dealt with separately, could
overwhelm the computational capabilities of the model, as well as generating information
that could be difficult to interpret. A challenge of the modeling effort is to achieve a
reasonable representation of the fate of the PCBs present in the Housatonic River in a

way that is sufficiently precise and yet not overwhelmingly complex.

14.3 SUMMARY OF ISSUES

The Peer Reviewers expressed the following concerns related to the fate of PCBs:

The need to include a range of values in the model representing differing PCB
congeners.

* Consideration of time-dependent fluxes of PCBs among the modeled
compartments.

= Consideration of PCB dependence on organic matter sorption.

= Methods to model the flux of PCBs from bed sediment to the overlying water
independent of erosion of the sediment bed.

14.4 EPA’S RESPONSE TO COMMENTS REGARDING PCB FATE

14.4.1 Modeling the Transport of Different Congeners

The Peer Reviewers noted the lack of multiple partition coefficients and other parameters
covering the range of behavior of PCB congeners in the EFDC model. At this time, EPA
believes that using single values characteristic of the PCBs observed in the system
(“apparent” Kgs) is the most reasonable approach for representing PCB partitioning in

EFDC. This judgment was made based on the following:

1. The results from the pore water study conducted in 2001 indicate that the
congener-specific log apparent K4 (normalized to organic carbon) is closely
correlated with the log K,y for each of the PCB congeners examined in the
study. The constancy of this relationship for each congener over a range of
four orders of magnitude of the coefficients supports the use of a single
apparent K4 for tPCBs to represent the combined net partitioning of the
mixture of congeners present in the PSA.
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2. The PCBs found in the Housatonic River system are primarily the more highly
chlorinated congeners found in Aroclor 1260, which was used at the GE
facility. The congeners constituting the bulk of the mass of PCBs span a
narrower range of partition coefficients and other transport-controlling
variables than that for all congeners. In addition, these more highly
chlorinated congeners have higher partition coefficients so that dissolved-
phase fluxes are less important than would be the case with less-chlorinated
congeners.

3. Spatial and temporal variations in congener patterns are not observed in the
data.

Therefore, a range of congeners will not be modeled in EFDC.

The bioaccumulation model will simulate representative congeners through the food web,
accounting for congener-specific transfer characteristics.  Because the congener
compositions in exposure media are relatively constant, the distribution of congeners can
be effectively estimated by modeling total PCBs in EFDC and then re-creating the
congener distributions using the ratios observed in empirical data. This approach will be
presented in more detail in the final MFD. In this manner, inputs to the bioaccumulation

model can be estimated using a combination of EFDC modeling and empirical data.

14.4.2 Time-Dependent Sorption

As the Peer Reviewers noted, time-dependent sorption has been reported in the literature,
and is characterized by differences in the rate of PCB uptake and loss, as well as
decreases in the loss rates over time. However, the ability to predict the effects of time-
dependent sorption in a manner useful to the modeling effort is limited. The time-
dependent functions are specific both to the PCB congeners involved and the nature of
the organic matrices acting as sorption sites. Given the limitations on the ability to
parameterize this process in the model, EPA has chosen not to incorporate time-
dependent sorption in the model at this time. However, as suggested, the modeling

results will be reviewed to estimate the possible uncertainty associated with this process.
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14.4.3 PCB Partitioning and Transport Modeling in the EFDC

Reviewers commented on the difficulty of accurately predicting the transport and fate of
PCBs with EFDC, because the model does not include explicit partitioning of a toxicant
to organic matter. There was also the potential for substantially different predictions to
arise from modeling abiotic PCBs with EFDC and modeling biotic PCBs with
AQUATOX. EPA has resolved this issue by incorporating organic carbon partitioning
into EFDC. EPA will also use EFDC as the sole model for simulating PCB fate and
transport. The results from EFDC as exposure time series of PCB concentrations in the
water column and sediment bed will be interfaced with a simpler food chain

bioaccumulation model.

EPA is evaluating whether the full three-phase partitioning is necessary for application to
the Housatonic River modeling effort. Additional data collected since the Peer Review is
being evaluated to determine the importance of this three-phase partitioning, and further
discussion will be provided in the final MFD. The two-phase approach will be used if it
can be determined that the DOC correlates with the POC, in which case an operational
partition coefficient will be used to distribute the PCB between the settling (particulate)
and non-settling (dissolved and DOC-associated) phases. Based on a preliminary review
of the data, EPA believes that DOC need not be dynamically simulated in EFDC, but can
be represented as a constant. Alternatively, equations will be applied that discriminate

among these three PCB transport phases (e.g., EPA, 2000a, 2000b, 2000c).

The modeling team will not attempt to distinguish the difference in polarity within the
organic carbon pools in the river. In general, dissolved organic material will be more
polar than particulate organic matter. More subtle differences have been posited to exist
between refractory and labile organic material. Older data and modeling efforts failed to
distinguish between PCBs that were truly dissolved and those that were complexed with
DOC. In contrast, recent PCB modeling efforts (Gobas, 1993; EPA, 2000a, 2000b,
2000c) have attempted to better define bioavailability, e.g., by extrapolating from
operational concentrations to truly dissolved concentrations, using equations that

explicitly incorporate the dissolved and particulate organic carbon concentrations. The
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increased mechanistic representation of these efforts must be balanced with the limited

empirical data against which to test and calibrate the models.

The bioavailability of PCBs in the water column represents an important consideration
for modeling biological fate. Bioavailability is greater for truly dissolved concentrations
of PCBs relative to PCBs complexed with dissolved organic carbon (DOC). Association
of PCBs with colloidal and dissolved organic carbon reduces bioavailability; such
contaminants are unavailable for uptake by organisms (Stange and Swackhamer, 1994;
Gilek et al., 1996). Therefore, the three-phase partitioning described above represents a

potentially important component of the bioaccumulation model.

14.4.4 Net Flux of PCBs from the Pore Water

EPA agrees with the Peer Reviewers’ comment that the transport of PCBs from the
sediment is associated with the resuspension/erosion of PCB-laden sediment particles, as
well as with the flux of PCBs from the pore water through a variety of processes
including diffusion, groundwater convection, and bioturbation. Similar to time-
dependent sorption, the contributions to the PCB flux from these individual processes are
difficult to assess because they are not related to each other, are site specific, and vary in
time and space. PCB flux results from the pore water study will be compared to the PCB
data in the water column throughout the length of the PSA and collected during different
seasons to confirm that the flux rates determined from the pore water study are of the

correct magnitude in relation to the measured PCB concentrations in the water column.

14.5 REFERENCES

EPA (U.S. Environmental Protection Agency). 2000a. AQUATOX for Windows: A
Modular Fate and Effects Model for Aquatic Ecosystems — Volume 1: User’s Manual.
EPA-823-R-00-006.

EPA (U.S. Environmental Protection Agency). 2000b. AQUATOX for Windows: A
Modular Fate and Effects Model for Aquatic Ecosystems — Volume 2: Technical
Documentation. EPA-823-R-00-007.
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Modeling, 69:1-17.

Stange, K. and D.L. Swackhamer. 1994. “Factors Affecting Phytoplankton Species-

Specific Differences in Accumulation of 40 Polychlorinated Biphenyls (PCBs).”
Environmental Toxicology and Chemistry, 13(11):1849-1860.
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15. HSPF-H

15.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 4 42-44
5 1-2
6 7-10
Endicott 14 7-13
22 8-10
Shanahan 6 25-36
9 37-41
10 1-7

15.2 BACKGROUND

The model framework incorporates linked models to represent watershed runoff, hydrodynamics,
sediment transport, PCB transport and fate, and PCB bioaccumulation. Using precipitation and
other observed hydrologic and meteorological data, the watershed model incorporates
information on land uses, soils properties, and basin topography to simulate surface runoff,
streamflow, and pollutant loading in the network of tributaries and rivers defined for the drainage
basin. HSPF is a lumped parameter watershed runoff model that has been used successfully for
numerous watershed studies over the past 20 years, that was selected for the Housatonic River

Rest of River Project to provide streamflow, temperature, and suspended solids data for the

hydrodynamic, sediment transport, and PCB transport and fate models.

This section addresses comments raised regarding the use of the HSPF in the Housatonic River

modeling effort. Refer to Section 25 (Remediation) on boundary conditions for post-remediation

and evaluating remedial alternatives.

15.3 SUMMARY OF ISSUES

The major issues related to HSPF raised by the Peer Reviewers are as follows:
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= Upstream boundary loading of PCBs and suspended sediments as input to EFDC for
calibration, validation, post-remediation, and evaluation of alternative remedial
scenario simulations.

= PCB washoff from areas along the Rest of River.

* The necessity of developing the in-stream river submodel of HSPF.

Availability of data for HSPF calibration.

15.4 EPA’S RESPONSE TO COMMENTS REGARDING HSPF

15.4.1 Upstream Boundary Loading of PCBs and Suspended Solids

The reviewers questioned the methods of specifying the upstream boundary conditions as input to
the hydrodynamic, sediment transport and PCB transport, and fate model (EFDC). Measurements
recorded during the storm events monitored in 1999, along with other available surface water
monitoring records, will be used to establish the upstream boundary loadings of suspended solids
and PCBs for the calibration period (1999-2000). These data will be interpolated as necessary to
provide input for EFDC. In addition, suspended solids will be simulated in HSPF for the
calibration period and compared with the available surface water data. This comparison will
facilitate the use of the predicted values to define boundary loadings for the validation period as

described below.

For the majority of the validation period (1979-2000), a more limited set of flow and ambient PCB
and TSS data is available. These data will be used to develop flow and constituent relationships.
This will not be a simple regression equation or function because there is hysteresis in the
relationship (i.e., the PCB and suspended sediment loading is not a single-valued function of
discharge; it is different on the rising and falling limb of the hydrograph). These relationships will
be used in HSPF simulations to provide inputs for flow and suspended solids for locations and time

periods for which there are no data available.

Boundary conditions for post-remediation and the evaluation of remedial alternatives are

addressed in Section 25 (Remediation).
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15.4.2 PCB Washoff from Areas along Rest of River

EPA believes that the transport of solids and PCBs from the floodplain into the channel by
precipitation and runoff is not a significant process that needs to be simulated in HSPF. HSPF
will not be used to provide PCB loadings to EFDC at the upstream boundary, as described above.
Within the Primary Study Area (PSA), PCB washoff from the proximal floodplain will be
simulated by EFDC.

PCB loadings from tributaries below the upstream boundary of the PSA are negligible based
upon sampling of soils and sediments in the watershed, past and current land use, and reported

disposal practices, and are not represented in the modeling.

15.4.3 Use of In-Stream River Model of HSPF

Simulated flow generated by HSPF will serve as the basis upon which the remainder of the
model framework is constructed. Data for calibration of the hydrologic and hydraulic model are
available from USGS gages at Coltsville and Great Barrington, Massachusetts. The HSPF
hydrologic model will be developed for the entire 282-square-mile drainage area that contributes
flow to the Great Barrington gage, and will use these data. The in-stream hydraulic and water
quality model of HSPF will also include the drainage area as far downstream as Great Barrington

so that calibration of flow and suspended solids can be performed with the observed data at that

gage.

EPA believes that it is necessary to use both HSPF and EFDC in modeling the river channel
domain of the PSA. The coarse level of spatial resolution defined for the HSPF in-stream
hydraulic and water quality reaches (ranging from 0.4 to 1.9 miles [0.6 to 3.1 km] in length) is
not sufficient to represent detailed solids deposition, erosion and transport processes, and PCB
transport and fate in the complex, meandering reaches of the Housatonic River. In contrast to the
in-stream reach submodels available in HSPF, EFDC will provide considerably more advanced
process descriptions of hydrodynamics and sediment transport (see Ziegler and Owen, 2001)

applied to a much finer scale spatial resolution of the physical domain of the PSA.
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15.4.4 Availability of Data for Calibration of HSPF

The Peer Reviewers agreed with EPA that HSPF has the longest history of application of any of
the models selected for use in this study, and that established calibration procedures for HSPF
are available from this long history of applications. Although the standard HSPF calibration
procedures were described in the MFD, the Peer Reviewers requested additional details on
calibration station locations and the availability of data. In response to this request, EPA will
outline the methodology that will be used to define the functional relationships of flow,
suspended solids, and PCBs as upstream boundary conditions and provide more information on
the data and station locations being used for both the calibration and validation time periods in

the final MFD.

15.5 REFERENCES

Ziegler, C.K. and C. Owen. 2001. “Improvements of Sediment Transport Dynamics in HSPF.”
Presented at American Water Resources Association Annual Spring Specialty Conference, April
30-May 2, San Antonio, Texas.
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1 16. EFDC—E

2 161 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 5 20-24
Bohlen 6 19-23
Endicott 11 7-44

12 1-2
13 9-13
16 23-44
17 1-12
17 28-31
Garcia 5 25-35
Lick 4 23-35
6 10-22
6 31-45
7 1-15
11 10-13
List 2 39-44
3 8-20
6 9-17
8 37-44
9 2-8
Shanahan 10 15-22
11 27-40
14 26-34
14 35-41
15 1

4 16.2 BACKGROUND

5  The Environmental Fluid Dynamics Code (EFDC), developed over the past decade by Hamrick
6 (1992, 1996), has been selected by EPA as the public domain model that will be used to link
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state-of-the-art hydrodynamics and sediment transport with contaminant transport and fate for
use nationwide. Of all the available public domain models, EFDC is unique in that a single
source code has been developed to provide internally coupled submodels for hydrodynamics,
sediment transport, and toxic chemical transport and fate. An inventory and evaluation of the
available public domain models considered for selection as the hydrodynamic, sediment
transport, and PCB transport and fate components of the Housatonic River model framework will

be presented in the final MFD.

16.3 ISSUES

The Peer Reviewers’ concerns related to the EFDC model algorithms, source code, and general

input/output issues include:

= Experimental/Research and Development (R&D) Application of EFDC. Several
Peer Reviewers commented that the proposed application of EFDC to a complex
meandering river and floodplain system was an R&D study. The reviewers
recommended that the approach be avoided because of rigid project time constraints.

= 1-D/2-D/3-D Application. Some Peer Reviewers suggested that simpler, well-
developed 1-D models such as those that have been routinely applied for riverine
flood flow studies would be more appropriate than EFDC. Other reviewers agreed
with the proposal in the MFD to apply EFDC as a 2-D model for the river channel,
but disagreed that a 3-D representation in Woods Pond was necessary. A third
concern was that accurate representation of flow fields during out-of-bank conditions
at the floodplain and channel boundary would require a 3-D model. A related
recommendation was to conduct tests to determine the appropriate dimensionality of
the model application.

= Algorithms and Code. The Peer Reviewers posed a number of questions regarding
the mathematical representation of certain processes and how they are incorporated in
the model. These include:

— Bedload transport

— Sediment dynamics/transport

— POM deposition/resuspension

— Diffusion, bioturbation, and groundwater infiltration/percolation.

= Representation of PCB Fate and Transport. Most Peer Reviewers commented that
it would be preferable to model PCB fate and transport in only one model, not in both
EFDC and AQUATOX. One reviewer, however, felt that representing PCBs in both
models provided a useful comparison as long as the two models had at least one PCB
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variable in common. There was a concern that the current representation of toxics in
EFDC would provide an overly simplistic approach to PCB fate and transport.

16.4 EPA’S RESPONSE TO COMMENTS REGARDING EFDC

16.4.1 Experimental/Research and Development (R&D) Application of EFDC

EPA does not consider the proposed application of EFDC to the Housatonic River to be of an
“experimental” or R&D nature. EPA acknowledges that EFDC (or any other similar public
domain code) has not been applied to a highly meandering river system such as the Housatonic
River. EFDC, however, has been applied to several freshwater and tidal rivers over the past few
years, including the Blackstone River (RI), Christina River (DE), Schuykill River (PA), Yazoo
River (MS), and the York River (VA). The EFDC hydrodynamic model has represented the
transport processes in these river systems as well as the complexities of secondary flow and the

related sediment transport processes of deposition and erosion observed in meandering rivers.

With respect to code enhancements to EFDC, necessary code modifications have been completed
and third-party testing of the modifications has been performed. Simulations generated by the
enhanced EFDC code have been successfully compared to laboratory-derived test cases
including hydrodynamics and sediment transport in a 180-degree bend (Yen and Lee, 1995), and
out-of-bank flow (Shiono and Muto, 1998). In addition, simulations produced by the enhanced
model code are being compared with observed data from the Test Reach. The modeling team
does not anticipate additional code modifications that would prevent meeting the schedule
established for the project. The results of these test cases and Test Reach simulations will be

provided in the final MFD.

16.4.2 1-D/2-D/3-D Applications

Based on the conceptual understanding of PCB dynamics in the Housatonic River system and the
modeling objectives for the project, EPA remains convinced that the 2-D model specification
discussed in the October 2000 MFD is the most desirable approach. Some Peer Reviewers
suggested the use of much simpler, well-established 1-D models to replace the proposed 2-D
application of EFDC. Reviewers also commented that a 2-D model could not represent three-

dimensional flow fields accurately enough to be useful in simulating sediment transport and PCB

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION16_E.DOC 16 3 6/10/02



AW N

O o0 9 N

10

11
12
13
14
15
16

17
18
19
20
21
22

23
24
25
26
27
28
29

transport and fate in the river and the floodplain, particularly between in-channel and out-of-bank
conditions. EPA disagrees with the argument that a 2-D model cannot adequately represent the
3-D flow system of the Housatonic River, and further notes that an even simpler 1-D model is
not a preferable alternative. Further discussion on the selection of the 2-D model domain,

including a comparison with 1-D model outputs, will be included in the final MFD.

EPA agrees, however, with the Peer Reviewers that a 1-D model has a valid role in the modeling
study. As discussed under Additional Supporting Analyses in the October 2000 MFD, 1-D
models based on GSTARS and HEC-6 were proposed to provide bounding estimates and insight
into overall sediment transport behavior. These analyses, as well as additional work using

EFDCI1D, have been largely completed.

Based on the results of these analyses and in consideration of the pronounced spatial gradients of
PCBs observed from the river channel into the floodplain, EPA has decided that the use of a
simpler 1-D model will not adequately represent the large spatial gradient of sediment-bound
PCBs in the river channel and the floodplain. A comparison of 1-D, 2-D, and 3-D models and
the rationale for the selection of the 2-D model will be presented and discussed further in the

final MFD.

The Peer Reviewers expressed concerns specifically about the proposed 3-D representation of
Woods Pond. This representation will remain under consideration as the team reviews the data
and the pertinent literature and evaluates the preliminary model runs to confirm the desirability
of a 3-D domain for Woods Pond. Because of concerns about the computational burden of the
simulations with EFDC, the Woods Pond domain of the model will expand to 3-D only if

required.

Following the approach used for the PCB model for Green Bay cited by the Peer Reviewers
(Wang, et al. 1996) both 2-D and 3-D representations of hydrodynamics and sediment transport
will be applied to the Test Reach. The 2-D and 3-D models will provide output that will be used
to evaluate the differences, if any, in the simulated flows and fluxes of solids. The results of
these tests will be used to guide the choice of either 2-D or 3-D spatial dimensionality for EFDC.
The results and findings of the comparative 2-D and 3-D model simulations for the Test Reach

will be presented in the final MFD.
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16.4.3 Algorithms and Code

Bedload Transport—The Peer Reviewers questioned whether bedload samples would be
collected and how bedload would be represented in EFDC. As described in Section 7,
Additional Data Collection Activities, EPA has initiated a bedload sampling program to collect
data at a variety of streamflows and locations. The bedload data will be used in establishing the
upstream boundary condition (Pomeroy Avenue). The bedload will be added to the suspended
load to provide the model with a total sediment loading for the Primary Study Area (PSA). Data
collected at other locations within the PSA will be compared to model simulations during

calibration.

Sediment Dynamics/Transport—The Peer Reviewers questioned how the sediment
transport submodel of EFDC will be implemented and how the sediment transport model will be
parameterized. EPA recognizes the Peer Reviewers’ concern that the van Rijn method does not
directly account for sediment mixtures, especially with respect to the sediment resuspension rate.
As mentioned in EPA’s previous response to questions from the Peer Reviewers (April 2001),
the applicability of the van Rijn method is being tested with modifications to treat armoring (e.g.,
Karim and Holly, 1986). In addition, the Jones and Lick model (2000) is being incorporated into
EFDC so that it can be investigated more thoroughly. The Garcia and Parker (1991) method for
sediment mixtures is also being tested with EFDC using the relationships being developed from
the Sedflume data of critical shear stress as a function of grain size. The final MFD will include
a summary and comparison of these tests of alternative formulations and approaches along with

the final methodology to be adopted for calibrating the sediment transport model.

Particulate Organic Matter (POM)—The Peer Reviewers observed that deposition and
resuspension rates for phytoplankton differ from those for POM associated with fine-grained
cohesive solids and questioned whether AQUATOX defined POM as a separate state variable
from phytoplankton. Although this question as originally posed is no longer applicable because
EPA has agreed to replace AQUATOX with a simpler bioaccumulation model, this question is
still relevant to the treatment of phytoplankton and POM in EFDC.

Analysis of water column data from the Housatonic River indicates that phytoplankton is a

constant percentage of the POM in the system at all locations and seasons, with the sole
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exception of Woods Pond in the summer. Therefore, dynamic simulation of phytoplankton is not
necessary except possibly seasonally in Woods Pond. This latter issue is being further

investigated and will be discussed in the final MFD.

Diffusion, Bioturbation, and Groundwater Infiltration/Percolation—The Peer
Reviewers questioned whether diffusion, bioturbation, and groundwater infiltration/percolation
are modeled as distinct processes or lumped into a single transport term. These processes are
lumped within EFDC into a single mass flux term that will be used as a calibration parameter

based on observed sediment pore water and water column PCB concentrations.

16.4.4 Representation of PCB Fate and Transport

EPA agrees with the recommendation of the Peer Reviewers that AQUATOX should not be used
for PCB fate and bioaccumulation simulations for the Housatonic River. Therefore, the concerns
about separately modeling the abiotic and biotic fate of PCBs, and the linkage of solids between
EFDC and AQUATOX as proposed in the MFD, are no longer relevant. EFDC will be the only
model used to simulate the transport and fate of PCBs within the modeling framework. Based on
the recommendations of the Peer Reviewers, EFDC will provide organic carbon-normalized total
PCB concentrations in the water column and sediment bed as exposure time series for input to a

simpler PCB bioaccumulation model.

With respect to PCB fate and transport in EFDC, EPA acknowledges that the previous toxic
chemical sub-model in EFDC required modification to meet the requirements of the Housatonic
River study. Because AQUATOX will be replaced with a simpler model for PCB fate and
bioaccumulation (see Section 17, Bioaccumulation Model/AQUATOX), EFDC was modified to
allow for three-phase partitioning (DOC/POC/dissolved) for toxic contaminants, if necessary.
However, based on an analysis of water column data, DOC concentrations are reasonably
constant throughout the PSA, show no consistent spatial or temporal trends, do not vary in
response to storm flows, and appear unrelated to other water quality parameters (i.e., TOC, POC,
TSS, chlorophyll-a). Therefore, EPA believes that DOC need not be dynamically simulated in
EFDC, and DOC will be represented as a constant. The bioaccumulation model, however, will
implement three-phase partitioning. The EFDC appendix in the final MFD will be updated to

reflect these changes to the kinetic formulations of the toxic chemical fate submodel.
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The Peer Reviewers expressed concern that transport and fate of PCBs will be modeled in EFDC
as a single state variable. As discussed in Section 14 (PCB Fate), site-specific data suggest that
individual PCB congeners are present in a reasonably consistent ratio of congeners to total PCB
throughout the model domain. EPA believes that the consistency of this relationship allows the
modeling of total PCB in EFDC with the subsequent determination of individual congener
concentrations for input into the bioaccumulation model. This approach will be further evaluated
based upon additional analysis of the data and the modeling results and will be discussed further

in the final MFD.
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Reviewer Name Page Line Number(s)
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List 9 31-39
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17.2 BACKGROUND

EPA initially proposed the use of AQUATOX, an ecosystem-based bioaccumulation model, for
use in the Housatonic River modeling effort. A consistent issue for the Peer Reviewers was the
complexity of AQUATOX. The reviewers noted that AQUATOX was an inappropriate choice
for the Housatonic River project for the following reasons: (a) excessive and unnecessary
ecological complexity of processes and interactions; (b) over-parameterized; (c) insufficient site-
specific data available for model calibration and validation; and (d) high level of uncertainty of
model results. The reviewers recommended that the transport and fate of PCBs in the water
column and sediment bed be simulated separately from AQUATOX and that either AQUATOX
be used only as a simplified bioaccumulation model or an alternate bioaccumulation model be

selected for the project.

In response to the Peer Reviewers’ recommendations, EPA has selected a simpler model for use
as the primary bioaccumulation model for the Housatonic River model framework. Many of the
reviewers’ comments were specific to AQUATOX and no longer apply to the new
bioaccumulation model. Accordingly, detailed responses for these issues are not provided in this

section unless they also have direct relevance to the new bioaccumulation model.

17.3 SUMMARY OF ISSUES
The Peer Reviewers’ comments that continue to be relevant include:

= Overall Model Complexity. Several of the reviewers expressed concerns regarding
the overall complexity of the AQUATOX model, noting that the model was over-
specified, with too many parameters and excessive model uncertainty. A specific
concern related to highly complex models is that flaws within the model could go
undetected if calibration is unconstrained and involves too many parameters. It was
also noted that AQUATOX was too detailed to discriminate between bioaccumulation
attributable to water and to sediment pathways.

= Model Process Inclusion/Exclusion. The reviewers expressed the concern that too
many biological fate processes have been screened in at this stage in the conceptual
model, and that implementing a model with so many processes will lead to problems
for interpretation and calibration. Several reviewers recommended that a stronger
indication of the relative importance of each major model process be provided.
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= Uncertainties in Parameterization. Several comments dealt with model
parameterization and associated uncertainties. Although many of the issues raised
were of a generic or global nature, referring to the inherent complexity of the
AQUATOX model, some comments were more focused and dealt with
parameterization/kinetic formulations:

— The need for the ecosystem modeling capability provided by AQUATOX was
questioned, since predictions of time variations in biomass and populations are
difficult to cross-check using limited empirical data.

— The importance of verifying constant congener distributions was noted. This is
important because EFDC will model total PCB concentrations, and estimates of
composition will be made to provide input to the new bioaccumulation model.

— Several issues related to uncertainties in the fish bioaccumulation model were
noted, including parameterization of fish feeding preferences, and chemical
uptake efficiencies in fish.

— The need for a robust uncertainty analysis was identified, particularly for highly
complex model formulations.

= Calibration and Validation. A reviewer made reference to the bioaccumulation
model calibration process, noting that it will not be possible to define all parameters a
priori, and that use of “little model calibration” may not be a realistic assumption.
Concern was also expressed that calibration and validation of bioaccumulation
predictions appear to depend primarily upon predictions of PCB concentrations at the
top of the food chain.

* Detailed AQUATOX Kinetics. The utility of sorption kinetics in the AQUATOX
model was questioned, suggesting that equilibrium partitioning (or simple variant)
would be preferable.

* Modeling Biotic vs. Abiotic PCBs. The reviewers expressed concerns that modeling
PCBs as “abiotic” PCBs in EFDC and “biotic” PCBs in AQUATOX could produce
conflicting results and was inappropriate.

Finally, the reviewers raised a number of specific questions regarding AQUATOX model
description, elimination rates, and coefficients. With the exception of the more broadly
applicable questions noted above, these questions are not addressed in this responsiveness

summary since AQUATOX is no longer being applied as the primary bioaccumulation model.
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17.4 EPA’S RESPONSE TO COMMENTS REGARDING THE BIOACCUMULATION
MODEL

17.4.1 Overall Bioaccumulation Model Complexity

EPA has addressed the Peer Reviewers’ concerns regarding the high degree of complexity of
AQUATOX by agreeing to replace the AQUATOX model with a simpler bioaccumulation
model. A review of candidate bioaccumulation models is being performed, and the model that is
selected after testing will be presented and discussed fully in the final MFD. AQUATOX will be
retained in a simplified form during model testing as a means of cross-checking the results of the
new model. This approach is consistent with the Reviewers’ suggestion to consider other models

with a higher degree of complexity if and when the simpler models do not work.

The new bioaccumulation model will be a more simplified representation of the ecosystem and
of the biological processes of PCB bioaccumulation and biomagnification.  Primary
consideration will be given to time-dependent, bioenergetics-based bioaccumulation models that
have the ability to simulate sediment and water-borne PCB uptake as separate (i.e., decoupled)

processes with a proven track record.

17.4.2 Model Process Inclusion/Exclusion

By selecting a simpler bioaccumulation model, EPA has addressed a number of concerns raised
by the Peer Reviewers with respect to specific processes. To further address concerns related to
identification, screening, and prioritization of biological processes, EPA has revisited the global
list of processes identified in the MFD. Concerns related to process screening are being

addressed in the following ways:

= By changing to a simpler model, the key biological fate processes that are known to
drive PCB bioaccumulation will be more clearly identified. More complex processes,
which may or may not be important or relevant to the Housatonic River application,
can still be assessed following preliminary calibration of the model.

= Re-evaluating the global list of processes presented in the MFD to provide a stronger
indication of the relative importance of each process will help to discriminate
between essential and optional model processes. This ranking will be used to identify
an appropriate starting point (i.e., base level of complexity) for initial modeling
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efforts. A model will be chosen that incorporates only the bioaccumulation processes
that are essential to representing the biological fate of PCBs.

In response to the Peer Reviewers’ comments, EPA will provide a reassessment of the identified
model processes and a summary of the importance of each process will be presented in the final

MEFD.

17.4.3 Uncertainties in Parameterization

Many of the Peer Reviewers’ comments regarding the inherent complexity of the AQUATOX
model have been addressed by substituting a simpler bioaccumulation model. These issues are
not addressed here, but will form a large part of the discussion regarding the change in
bioaccumulation modeling approach in the final MFD. Remaining issues related to model

uncertainty and model parameterization are responded to below:

= Ecosystem Modeling. The new bioaccumulation modeling approach will be more
consistent with an engineering-based approach to bioaccumulation (i.e., modeling at
the level of individual organisms, without population dynamics or ecosystem
modeling). This change is consistent with the recommendations of the Peer
Reviewers.

* Verifying Congener Distributions. EPA agrees that this is an important step, and the
final MFD will present an analysis of congener distributions in sediment,
invertebrates, and fish. The results of this analysis will be used to derive the
relationship between total PCBs and individual congeners. This relationship will be
applied to the total PCB concentrations simulated by EFDC along with other criteria
(e.g., toxicity), to provide congener-specific parameterization to the bioaccumulation
model.

= Predator/Prey Relationships in Fish Bioaccumulation Model. A combination of
life-history data from literature, knowledge of site-specific prey availability (e.g.,
from biomass study), gut contents data from appropriate indicator watersheds, and
professional judgment will be used to establish plausible ranges of dietary
preferences. This approach is fairly robust since it uses a weight-of-evidence
approach in the establishment of preferences.

= Partition Coefficients for Biota. The proposed use of non-equilibrium partition
coefficients for invertebrates and fish was questioned. For invertebrates, the new
bioaccumulation model will begin with a base model that incorporates steady-state
kinetics and progresses to time-dependent dynamics only if warranted. It should be
noted that “steady-state” models do not equate with “equilibrium” models. For fish, a
time-dependent model will be adopted to represent age-dependent accumulation in

fish.
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= Respiration Rates. The selection of respiration rates to be used in the
bioaccumulation model was questioned. Species-specific respiration rates will be
used, to the extent possible, in the new bioaccumulation model parameterization.

17.4.4 Calibration and Validation

The reviewers expressed concern that proposed calibration and validation of bioaccumulation
predictions appear to depend primarily upon predictions of PCB concentrations at the top of the
food chain. The calibration and validation process that was proposed assumes predictions at all
trophic levels to be important. To the extent possible, the bioaccumulation model output will be
compared against site-specific data such as benthic invertebrate tissue PCB burdens and
phytoplankton PCB concentrations. Furthermore, predicted concentrations in not only sentinel
fish species such as largemouth bass, but also lower-trophic level fish species, will be assessed.
Comparison of forage fish and benthic fish bioaccumulation patterns may assist in determining

sediment versus water column contaminant exposure and trophic accumulation pathways.

17.4.5 Modeling Biotic vs. Abiotic PCBs

The fate and transport portion of the AQUATOX model will no longer be applied to the
Housatonic River system; the physical fate and transport processes for PCBs will instead be
represented within EFDC, thus eliminating overlap and confusion within the modeling
framework. This change addresses the comments made by several reviewers that AQUATOX

should be used to represent bioaccumulation processes only.
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18. MODEL LINKAGES—L

18.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 7 40-43
Endicott 12 6-28

12 30-37
13 15-17
13 22-27
22 12-14
Shanahan 10 29-35
11 3-9
14 1-10

18.2 BACKGROUND

A single model that incorporates all of the physical, biological, and chemical processes that
determine the distribution of PCBs in the Housatonic River is not available. Therefore,

individual models were selected for the following components of the model framework:

=  Watershed contributions

= Hydrodynamics

= Sediment transport

= PCB transport and fate

= PCB bioaccumulation.
HSPF was chosen as the watershed model to provide upstream boundary and tributary
streamflow and external loads of solids. EFDC was chosen to represent hydrodynamics,
sediment transport, and PCB transport and fate processes. EPA originally proposed the use of
AQUATOX to simulate the bioaccumulation of PCBs in fish and other key species as well as
solids, organic matter, carbon, oxygen, and nutrient cycles in a food web-based aquatic
ecosystem. Based on the comments provided by the Peer Reviewers, a simpler food chain model

will be selected as an alternative model to AQUATOX to simulate PCB bioaccumulation. EFDC

will be used to simulate the transport and fate of PCBs to provide time series of PCBs for
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exposure calculations in the water column and sediment bed in the food chain bioaccumulation

model.

This section presents EPA’s response to comments related to model linkages. A more detailed

review of the candidate models considered for the Housatonic River model framework will be

presented in the final MFD.

18.3 SUMMARY OF ISSUES

The linkage of data between the components of the model framework was identified from the

beginning of the study as critical to ensuring mass balance.

The Peer Reviewers identified three key issues related to the model linkage of HSPF, EFDC, and
AQUATOX:

Complexity of EFDC/AQUATOX linkage. The reviewers commented that the
linkage between EFDC and AQUATOX was unnecessarily complex. The reviewers
recommended that EFDC alone be used for the simulation of the transport and fate of
PCBs without differentiating abiotic and biotic forms of PCBs. The distributions of
dissolved and sorbed PCBs simulated by EFDC in the water column and sediment
bed would then be linked as exposure time series for use in the simpler food chain
bioaccumulation model.

Empirical transformations and mass balance between models. The reviewers
commented that HSPF, EFDC, and AQUATOX are inconsistent in the state variables
used to represent inorganic solids, and dissolved and particulate organic matter. The
inconsistency between the models thus requires parameterization of empirical
relationships to transform state variables between HSPF, EFDC, and AQUATOX.
The empirical relationships are based on the availability of field data and as such are
characterized by the inherent uncertainty of the spatial and temporal transformations.
The uncertainty in the empirical relationships will thus contribute substantially to the
uncertainty of the overall model framework. The reviewers questioned whether the
study database is sufficiently robust to support the specification of the empirical
transformations. The reviewers also questioned whether the linkages outlined in the
MFD will maintain a mass balance of inorganic solids and dissolved and particulate
organic matter in the transformation of state variables between HSPF, EFDC, and
AQUATOX.

Solids linkage between EFDC and AQUATOX. The reviewers commented that the
procedure proposed for the linkage of deposition and resuspension of solids simulated
in EFDC to AQUATOX needs to be clarified. In addition to the advective flux, the
representation of mass transport of solids also requires specification of the dispersive
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flux of materials. Since dispersive processes simulated at the fine grid scale of EFDC
will be aggregated to the larger grid scale of AQUATOX, one reviewer noted that
artificial, or numerical, dispersion resulting from aggregation to the larger reaches
needs to be considered in designing the linkage between EFDC and AQUATOX.

18.4 EPA’S RESPONSE TO COMMENTS RELATED TO MODEL LINKAGES
18.4.1 Complexity of EFDC/AQUATOX Linkage

In response to comments from the Peer Reviewers, EPA has abandoned the use of separate
models for simulation of abiotic PCBs (EFDC) and biotic PCBs (AQUATOX as proposed in the
MFD). EFDC will be used for simulation of hydrodynamics, sediment transport, and transport

and fate of PCBs for input to the bioaccumulation model.

In the revised approach, external loading of three size classes of suspended solids (<63 microns,
63-250 microns, and >250 microns) can be provided to EFDC as watershed runoff of streamflow
and solids class concentrations by HSPF, or as a functional relationship derived from the site-
specific data. The measurement of total suspended solids (TSS) in the Primary Study Area (PSA)
includes a mix of inorganic and organic materials derived from external loading and internal
biological production of living and non-living detrital organic matter. Because the partitioning
of PCBs is assumed to be dependent on the organic carbon content of particles, it is important to
be able to determine the organic carbon fraction of the different classes of solids represented in
the sediment transport and PCB fate models. PCBs also associate with dissolved (and colloidal)
organic carbon (DOC). The fate of PCBs thus includes three phases: (1) dissolved, (2)
particulate, and (3) DOC-complexed. The conceptual model to be presented in the final MFD
will use a simple analysis to evaluate the relative contributions and the significance of internally
produced organic matter (POM and POC). Seasonal differences will be addressed in the simple
analysis. The findings of the conceptual model will be used to define the level of detail required

for the sediment transport and PCB fate model that will be incorporated in EFDC.
18.4.2 PCB Bioaccumulation

EPA will use a simpler bioaccumulation model than AQUATOX for the Housatonic River study.
EFDC will be used to provide spatially aggregated time series of carbon-normalized PCB

concentrations for the food chain exposure calculations in the water column and sediment bed.

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION18_L.DOC 18_3 6/10/2002



AW N -

10
11

12

13
14
15

The coarse spatial scale of the computational segments of the simpler bioaccumulation model
will be identical to the boundaries of the reaches originally proposed for AQUATOX. The total
PCBs simulated in EFDC will be split into homologs or congeners for the bioaccumulation
model based on observed distributions of homologs and congeners in site-specific data, with

consideration of factors such as media and location, as appropriate.
18.4.3 Empirical Transformations and Mass Balance

To address the concerns regarding mass balance identified by the Peer Reviewers, EPA will
abandon the model linkage detailed for solids from EFDC to AQUATOX. HSPF will be used to
provide flow, water temperature, and potentially solids to EFDC, as described in the MFD.
Rather than simulate the runoff of total PCBs, rating curves will be developed to specify the
loads of total PCBs contributed by the upstream boundary.

18.4.4 Solids Linkage

Because EPA is no longer proposing the use of AQUATOX and because simpler
bioaccumulation models do not require explicit input of solids, the linkage of solids from EFDC

to the bioaccumulation model is no longer an issue.
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1 19. GRID SCHEME/SPATIAL SCALE—GS

2 191 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 5 12-18
Bohlen 4 30-41

8 29-34

Endicott 15 21-30
22 5-6

Garcia 4 41-46
1-4

5 6-16

Lick 5 27-44
6 1-8

List 4 13-23

4 25-31

5 16-24

6 22-32

7 18-25

7 35-45
8 1-3

Shanahan 2 24-33

10 8-14

10 15-22

11 27-40

13 23-40

14 21-25

4 19.2 BACKGROUND

5 Contaminant transport and fate models require the implementation of a grid scheme that is
6  appropriate for the processes and data supporting those processes to be modeled, yet does not

7  impose a computational burden. Conversely, excessively coarse spatial resolution in the model
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grid can result in a significant loss of information due to the averaging of both state and process
variables. Many factors, such as channel depth and floodplain topography, and the PCB
concentrations, sediment properties, and other characteristics, must be considered in choosing the
spatial resolution of the computational grid of the hydrodynamic, sediment transport, and PCB

fate and bioaccumulation models of the Housatonic River.

19.3 SUMMARY OF ISSUES

The Peer Reviewers raised issues regarding the model grid schemes and spatial scales. The main

1ssues were as follows:

= Data availability to support a grid scheme for EFDC. Concerns were raised that
there were insufficient field measurements to support a finely discretized system.

* Floodplain/channel interactions. The representation of the interaction between the
channel and floodplain, especially the coupling of the channel and proximal
floodplain with the distal floodplain, was a concern. The modeling team had proposed
an EFDC grid scheme that was computationally feasible and conserved momentum
within the channel and between the channel and the proximal floodplain cells,
although it did not conserve momentum between the proximal and distal floodplain.

*  Grid scheme complexity. The complexity of the proposed grid scheme, the resulting
computational burden, and its impact on the analysis of uncertainty were questioned.

19.4 EPA’S RESPONSE TO COMMENTS REGARDING GRID SCHEME /SPATIAL
SCALE

19.4.1 Data Availability To Support Grid Scheme

EPA believes that sufficient and appropriate data are available to discretize the physical domain
for the floodplains, Woods Pond, and the main channel, both longitudinally and laterally. Within
Reach 5 alone, there are more than 6,200 PCB sample results and more than 3,500 samples for
which grain size distribution, TOC, and other parameters that are less spatially variable
throughout the Primary Study Area (PSA) are available. In the absence of data, the common
practice when developing a model is the assignment of the initial conditions and other model
properties using interpolation of the observed data to assign a value for each grid cell. For the

Housatonic Modeling Study, a large amount of data is available to support the implementation of
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virtually any grid scheme that would be computationally feasible. It is EPA’s opinion, therefore,
that sufficient information to calibrate, validate and, ultimately, apply the linked HSPF/EFDC/
bioaccumulation model to the issue of contaminant and sediment transport in the Housatonic

River PSA has been collected.

With respect to comments on data developed from the Sedflume erosion and deposition
processes, EFDC uses a single set of properties for a given grain size. The Sedflume data will be
used to develop the erosion properties as a function of grain size. Deposition properties will be

initialized using literature values.

Testing has been performed to compare several alternative scales of in-channel grid schemes
using EFDC. The selection of the final EFDC grid will represent a balance between the spatial
scales for the controlling processes in the Housatonic River and computational burden. The

results of the test cases and this analysis will be presented in the final MFD.

19.4.2 Floodplain/Channel Interactions

To develop a practical grid, EPA continues to investigate alternative grid schemes. It is critical to
conserve mass everywhere and to conserve momentum in the higher velocity areas (i.e., the
channel and proximal floodplain cells that comprise the floodway). EPA believes that
conservation of momentum is less critical in the backwater areas and distal floodplains where

velocities, and thus momentum, are small, and have minimal impact on PCB transport.

For out-of-bank events, testing of the grid schemes will use flow systems presented in several
journal articles (Shiono and Muto, 1998; Ervine et al., 2000; Patra and Kar, 2000) as the first
step in the testing. The second phase of the testing will include applying the grid schemes to the
Test Reach. During the testing, a range of flows will be used to determine the effect of various
grid schemes on coupling the flow regimes between the channel and the proximal floodplain and

the channel/proximal floodplain with the distal floodplain and on sediment transport.

Shiono and Muto have used the ratio (Dr) of floodplain depth to main channel depth as a primary

descriptor of the overbank flow regime:
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Where:

H = the main channel depth
h = the bankfull depth

Using this ratio will help in describing and comparing modeling results. For flows where Dr
<0.2, the main channel geometry has a pronounced effect on the floodway velocity patterns, but
once Dr >0.25, the channel has minimal impact on floodway velocity patterns. The grid testing
will include a range of values of Dr to evaluate the channel/floodplain interactions. Grid-wide
conservation of momentum is being explored in the testing of alternative grid schemes. The

results of this testing will be presented in the final MFD.

19.4.3 Complexity of Grid Scheme

EPA agrees that it is desirable to develop a grid scheme that is as simple and yet as
representative as possible. Qualitative testing of the hydrodynamic and sediment transport under
different grid schemes will be accomplished during the test reach modeling. Selection of the

final grid scheme and resolution will be the product of balancing the following factors:

= Channel Erosion/Deposition Patterns
= Flow Velocities

* Floodplain/Channel Interactions

= Data Density

= Computational Burden

= Post Processing/Result Presentation

19.4.4 Importance of Distal Floodplain and Impacts on Grid Schemes

A goal of the modeling effort is to reasonably predict the future PCB concentrations in the river
channel and floodplain so that human and ecological exposures can be evaluated under the
various remedial alternatives, including natural attenuation. The term “distal floodplain” refers
to the area that is inundated during high-flow events but is generally outside of the floodway
(i.e., high-velocity areas). Proper treatment of the distal floodplain is significant in the modeling

effort to provide flood storage and sediment and PCB deposition.
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The horizontal and vertical discretization of the distal floodplain domain is required to address
these issues within the computational model framework. For example, the application of a 1-D

model, that cross-sectionally averages PCBs in the sediments, could not address these issues.

Dual or nested grid schemes where the channel and the floodplain, especially the distal
floodplain, have different cell dimensions were tested. A simple 5-meter Cartesian grid of the
area within the 10-year floodplain results in a model that has 235,778 active horizontal cells,
which is clearly computationally untenable. In contrast, a nested grid scheme with small cells in
the channel and larger cells in the floodplain will produce a much smaller number of cells.
However, momentum will not be conserved between the distal and proximal floodplains in a
nested grid scheme. EPA is investigating the impact of the loss of momentum in a nested grid

approach when applied to the Housatonic River.

The final grid scheme will be included and discussed in the final MFD.

19.5 REFERENCES

Ervine, D.A., K. Babaeyan-Koopaei, and R.H.J. Selline. 2000. “Two-Dimensional Solution for
Straight and Meandering Overbank Flows.” J. Hydraulic Engineering, 126(9):653-6609.

Patra, K.C. and S.K. Kar. 2000. “Flow Interaction of Meandering River with Floodplains.”
J. Hydraulic Engineering, 126(8):593-604.

Shiono, K. and Y. Muto. 1998. “Complex Flow Mechanisms in Compound Meandering
Channels with Overbank Flow.” J. Fluid Mechanics, 376:221-261.
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20. TIME SCALE/TIME STEP INTERACTIONS—TS

20.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 7 35-38
7 40-43
Garcia 4 41-46
5 1-4

20.2 BACKGROUND

The Housatonic River modeling study seeks to account for the wide range of temporal and

spatial scales over which the different physical transport and biogeochemical processes of

importance operate.

Objectives of the modeling approach that are relevant to the choice of the temporal and spatial

scales of the model framework include the following:

= How long will it take for PCB-contaminated sediments to be sequestered by the
deposition of clean sediments?

= How long will it take for PCB levels in target fish tissue to be reduced to levels that

no longer pose a risk to either human health or the environment?

= What is the potential effect of extreme storm events contributing to the redistribution
of sequestered PCB-laden sediments back into the water column, the surficial bed

sediments, and the biota?

This section presents EPA’s responses to comments regarding time scale/time step interactions.

The final MFD will identify the spatial scales and temporal scales of the various processes that

are included in the model framework.
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20.3 SUMMARY OF ISSUES

The concerns raised by the Peer Reviewers regarding time scale and time step interactions are as

follows:

= The issue of rainfall disaggregation as input to HSPF is critical. Will procedures for
combining local data collected at daily intervals with more distant hourly data be
validated by measurements of short-term river flow and TSS data?

= Adequacy of Daily Aggregation. AQUATOX will be run with a daily time step, but
loads will be aggregated. Because storms are important for transport, it is not clear
whether daily aggregation will be adequate.

= There is a need to determine the spatial and temporal scales being addressed by the
modeling effort, as these scales can be quite different, depending on the processes
being modeled. Some events will occur over short-time frames, but impact large
spatial areas, such as over-bank flooding and subsequent deposition in the floodplains
versus bank erosion and failures that can occur over short time frames and small
spatial areas.

20.4 EPA’S RESPONSE TO COMMENTS REGARDING TIME SCALE/TIME STEP
INTERACTIONS

20.4.1 Integration and Validation of Data Collected over Different Time Intervals

An analysis of the relative magnitude of solids and PCB loads contributed during various flow
regimes will be performed based on the results of monitoring programs conducted from 1999 to
2000. These data will be used to develop a flux analysis throughout the Primary Study Area
(PSA), as well as for comparison of daily and hourly data collected for input to HSPF.

20.4.2 Adequacy of Daily Aggregation

One reviewer noted concern that since storms are important for transport, it is not clear whether
daily aggregation will be adequate in relation to AQUATOX. Because AQUATOX is being
replaced by a simpler bioaccumulation model, daily aggregation is no longer an issue. The
model now being proposed is not sensitive to small-scale or transient events that occur on the
order of hours to days. The scale of events that the model is sensitive to is on the order of weeks

to months.
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20.4.3 Determination of Spatial and Temporal Scales

Spatial and temporal scales that are appropriate for each process included in the modeling
approach will be developed for use in the each of component models (HSPF, EFDC, and
Bioaccumulation). The approaches for developing the scales that will be used in each component

model are described below:

Hydrological Simulation Program-Fortran (HSPF) Model—To represent the increased
solids and PCB fluxes that are observed under a high-flow regime, the watershed, hydrodynamic,
and sediment transport models will be run using a high-frequency time scale of 1 hour or less.
HSPF will generate time series of stream flow and solids concentration at 1-hour intervals to
specify loads from the upstream boundary and tributaries as inputs for the hydrodynamic and
sediment transport model. These calculations will be based on precipitation data and other
meteorological records that are either available at 1-hour intervals or interpolated from daily
intervals to 1-hour resolution as input data. Boundary conditions for PCBs will be generated at
the same 1-hour interval using rating curves for PCB versus stream flows (generated by HSPF)
developed for the upstream boundary and for each tributary to the Housatonic River. The 1-hour
interval for the resolution of the output of HSPF stream flow and pollutant loads of solids,

organic matter, and nutrients is a typical time interval used for watershed model simulations.

Environmental Fluid Dynamics Code (EFDC) Model—Time series of stream flow and
solids, generated by HSPF, will be input to EFDC as external boundary conditions using a
minimum of a 1-hour resolution interval. Rapid changes in flow, solids, and PCB loads resulting
from transient storm events will thus be represented as input to EFDC. A time step on the order
of seconds will be needed for numerical integration of the hydrodynamic and sediment transport
model to accommodate the grid scale resolution and the numerical requirements for stability of

the computational schemes used in EFDC.

EFDC is being modified to use an adaptive time step scheme to improve the computational
efficiency of the code. During periods of little or no change in stream flow, longer time steps
will be allowed rather than the shorter time step that is needed to numerically integrate rapidly
changing flow conditions of a storm event. Regardless of the time step used for the

hydrodynamic simulation in EFDC, boundary inflow time series generated by HSPF for input to
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EFDC are linearly interpolated in EFDC to compute the upstream boundary loads as a

continuous function of time during the simulation.

The time series results of EFDC will be written out at a user-defined time interval for post-
processing of the results for input to the bioaccumulation model. Since HSPF will provide input
time series of flow and solids loads to EFDC with a time interval of 1-hour resolution, the use of
the same 1-hour interval appears to be appropriate for recording the output results from EFDC to
retain the temporal representation of the rapidly changing conditions of storms and flood events.
The time series results generated by EFDC with 1-hour resolution will be time averaged to
provide a lower frequency time series for input to the bioaccumulation model. Longer time
averaging periods will be used to differentiate relatively stable flow conditions from transient

flow conditions to increase computational efficiency.

Bioaccumulation Model—Time series of stream flow, solids, and PCBs generated by EFDC
over the fine grid scale of the hydrodynamic model will be aggregated spatially and numerically
integrated (averaged) in time for linkage to the PCB bioaccumulation model. The simulation
results obtained for multiple EFDC grid cells will be mapped onto a much coarser spatial scale to
link the output results of EFDC as spatially aggregated input data for the larger computational
segments of the bioaccumulation model. To accurately link the transient peaks in flow, solids,
and PCB fluxes simulated by EFDC during storm events with the bioaccumulation model,
numerical integration of the time series generated by EFDC will follow an adaptive time interval

scheme for averaging the simulation results.

During base-flow periods in stream flow, high-frequency, 1-hour time series generated by EFDC
will be averaged as a lower-frequency data set by numerical integration over 24-hour periods.
During storm events with rapidly changing flow conditions, however, the high frequency 1-hour
time series generated by EFDC will be averaged over a shorter 4- to 8-hour period to properly
capture the transient pattern of the onset and decline of a peak flow event over a time scale of a
few days that would otherwise not be accurately represented with a 24-hour, time-averaged
output from EFDC. The bioaccumulation model will be modified, if necessary, so that an
adaptive, or variable, time step can be imposed over the entire simulation period to differentiate

periods of rapidly changing flow conditions from periods characterized by stable flow.
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Consistent with the principles derived from time series sampling theory where observations are
recorded at twice the maximum frequency to be resolved (i.e., Nyquist frequency) to avoid
biasing of the information (Walsh, 1988), the bioaccumulation model time step should be set at
least equal to one-half of the resolution of the input time series. For slowly changing conditions
where the results of EFDC are integrated over 24-hour intervals, the time step (Dt) for the

bioaccumulation model will be assigned as follows:
Dt (Stable Flow) = %2 *[24 hrs] = [12]/24 hrs = 0.5 days

For storm event conditions when EFDC results are integrated over a finer resolution of
approximately 4- to 8-hour periods, the time step for the bioaccumulation model will be assigned

within the range shown below:

Dt (Transient Flow) =12 * [4 to 8 hrs] = [2 to 4]/24 hrs = 0.083 to 0.167 days

20.5 REFERENCES

Walsh, John J. 1988. On the Nature of Continental Shelves. Academic Press, San Diego, CA,
pp. 156-158.
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21. CALIBRATION-C

211 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 2 32-35
8 21-25
Lick 2 26-32
Endicott 3 21-34

21.2 BACKGROUND

One of the most important components of a modeling study is the calibration of the model(s) to
accurately reproduce site-specific conditions. Selection of a time period for calibration is
determined by the availability of data obtained over a range of hydrologic conditions in the

system.

To minimize the degrees of freedom used to calibrate the model, it is desirable to parameterize
the model using as many site-specific data and field measurements as possible. The remaining
values established for calibration parameters are, of necessity, based on data reported in the
literature. During calibration, model parameters and kinetic coefficients are systematically
adjusted within ranges observed from site-specific data and/or reported in the literature, until an

acceptable degree of comparison is achieved between observed data and the simulation results.

21.3 SUMMARY OF ISSUES
The Peer Reviewers identified the following concerns:

= The process of model-data comparison is, by necessity, iterative and does not
necessarily proceed in a sequential or linear manner. It may, therefore, be difficult
for the peer review process to strictly conform to the prescribed sequence of
evaluating the modeling framework document, the calibration report, and, finally, the
validation report.

= A portion of the years assigned for the validation period should be devoted to
calibration instead, to allow calibration tests of natural recovery processes.
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* For decisionmakers to have confidence in the model for use in making remedial
decisions, the determination of model parameters by calibration should be kept to a
minimum.

= Contingency plans need to be incorporated into the study plan to identify alternate
approaches that could be used to achieve calibration of the model.

21.4 EPA’S RESPONSE TO COMMENTS REGARDING CALIBRATION

21.4.1 Iterative Process of Model Data Comparison

EPA agrees that the iterative process of model development may, at times, be inconsistent with

the linear process of the Peer Review as delineated in the Consent Decree.

The Housatonic River modeling study includes the following broad components: project
database, conceptual model, model framework, site-specific/literature-derived model parameters,
and adjustable (calibration)/fixed model parameters. In conducting the modeling study, feedback
between these components is necessary. For example, preliminary calibration runs may result in
revisiting the data and revising the conceptual model and model framework. Each significant
iteration performed in building the components of the model framework may require some
changes and accompanying explanation/documentation. There is sufficient flexibility in the
existing Peer Review process to incorporate any such changes. For example, EPA has chosen to

revise and reissue the MFD in response to comments received during the Peer Review.

21.4.2 Years Identified for Model Calibration and Natural Recovery

The Peer Reviewers identified the need for a decadal-scale, long-term simulation period to
properly address the credibility of the model in representing natural recovery processes. From
the 1930s through the late 1970s when PCBs were discharged into the river, the water column,
sediment bed, floodplain, and biota became contaminated with PCBs. Since sampling began in
the late 1970s, concentrations of PCBs in sediments, soils, and biota in the Housatonic River do
not appear to have decreased. Therefore, EPA believes there is no available data set for the
Primary Study Area (PSA) for any time period to test the ability of the model to simulate natural

recovery, as suggested by the Peer Reviewers.
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The 1999 to 2000 calibration period was selected because this period coincides with the most
recent, detailed data set collected by EPA, including the data obtained under storm event
conditions. In selecting this 1-year period, which was characterized by a fairly wide range of
flow conditions, the strategy is to first perform preliminary calibrations of the hydrodynamic,
sediment transport, and PCB fate models under the higher flow (out-of-bank) storm event
conditions. Next, the model calibration process will focus on the base flow conditions. Finally,
because data were not collected for an event greater than 1.5 years during the calibration period,
EPA will compare the model simulations to observations for two large storm events that

occurred outside the calibration period (see Section 11, Rare Flood Events).

EPA believes that the advantages of using the high quality/intensity data set for model
calibration outweigh the fact that the period is too short to see evidence of natural recovery,
which has not been observed over the entire period of record in the PSA, and that a properly
calibrated model will reliably represent conditions on a decadal scale. The 20-year period
identified for model validation (1979-2000) is sufficient to demonstrate the ability of the model

to simulate processes occurring on decadal time scales (see Section 22, Validation).

21.4.3 Selection of Adjustable Parameters for Model Calibration

In the MFD and in the supplemental documents provided to the Peer Reviewers for the April
2001 meeting, EPA provided a complete list of the data that are available for use during the
modeling study. Additional pore water, surface water, and bedload data are being collected.
EPA agrees that the adjustment of model parameters during calibration should be minimized.
Site-specific field measurements (i.e., grain size distributions), experimental data (i.e.,
Sedflume), and literature values can be used to establish reasonable bounds within which model
calibration can justifiably be achieved. A listing of the key parameters that will be adjusted
during calibration for each component of the model framework (watershed runoff,
hydrodynamic, sediment transport, PCB fate, and PCB bioaccumulation models) will be

presented in the final MFD.
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21.4.4 Contingency Plans

Based on the history of the use of HSPF in similar applications for riverine systems, no
difficulties of application to the Housatonic River are expected. Further, based on EPA’s
familiarity with the EFDC code and work performed by the modeling team to date, the necessary
code modifications are attainable and are not of a level of complexity that constitutes research.
Recognizing the Peer Reviewers’ concerns regarding AQUATOX, however, EPA has chosen to

replace AQUATOX with a simpler and more established bioaccumulation model.

EPA believes that sufficient time has been incorporated into the schedule to complete
appropriate code modifications, third-party testing of modifications, calibration, and validation.
If necessary, the schedule will be modified to allow time to meet the calibration and validation

objectives.

It is important to recognize that the purpose of the model is to evaluate the relative effectiveness
of remedial alternatives. EPA believes that following calibration and validation, the model will
serve as a useful tool for the purposes of discriminating between the outcomes of remedial
alternatives, even if model predictions are not correct in an absolute sense; therefore, a separate

contingency plan is not necessary.
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22. VALIDATION—V

221 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Endicott 3 21-34
15 32-44
16 1-14
19 22-26

22.2 BACKGROUND

Confirmation of the ability of the model framework to represent the interactions of
hydrodynamic and sediment transport processes on PCB transport, fate, and bioaccumulation in
the Housatonic River must be demonstrated prior to using the model to evaluate remedial
scenarios. Validation of the model framework is achieved by testing the ability of the model to
reproduce observed distributions of solids and PCBs for a different, and typically longer,

timeframe than that used for model calibration.

As noted in the MFD, model validation is in reality an extension of the calibration process. The
proposed approach consists of using a part of the available record for calibration and then using
the entire record for validation. The validation process consists of various comparisons between
recorded and simulated values. As noted in the previous section (Section 21, Calibration), the

process of validation is iterative and may require additional calibration of the model.

22.3 SUMMARY OF ISSUES
The Peer Reviewers identified two issues related to model validation:

= The MFD did not include adequate descriptions of how the long-term hindcast and
long-term forecast simulations would be constructed for model validation.

= Contingency plans need to be incorporated in the modeling strategy.
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22.4 EPA’S RESPONSE TO COMMENTS REGARDING VALIDATION

2241 Long-Term Validation and Forecasts

The concern expressed by a Peer Reviewer was that the strategy for hindcast and forecast
simulations was not adequately described in the MFD. EPA’s strategy for model validation
(hindcast) is to perform the initial validation of the model against independent data sets collected
from 1979 to 1990. Assuming satisfactory validation of the model to the 1979 to 1990 data set,
the robustness of the model will be demonstrated by extending the validation period through
1990 to 2000, which will encompass the entire period of record. It is expected that the
continuous 20-year simulation will provide a sufficient period of time to demonstrate the ability
of the model to reproduce site conditions based upon validation efforts conducted as part of
previous modeling studies on the Fox and Hudson rivers. Model performance, as indicated by
the results from these simulations, will also be compared to the model calibration output as a

further indication of the predictive capability for model forecasts.

Initial conditions for PCBs, TSS, TOC, and grain size will be based on the available historical
measurements ca. 1979-1980 in water, sediment, floodplain soil, and biota as applicable. These
data are available at both the upstream and downstream boundaries of the model domain. These
data will be evaluated with respect to the current understanding of the Housatonic River; the
more limited data from this period may need to be bounded or further interpreted for use in
establishing initial conditions. EPA recognizes that the availability of historical data has limited
the success of model validation in other river modeling efforts (Gailani et al., 1996), and, after
examination of the data set available for the Housatonic River, believes that adequate, but not

extensive, data are available to perform the validation.

The definition of the boundary conditions of the PSA, which integrate the upstream loads into a
single boundary concentration, is expected to simplify the process of achieving both successful
model calibration and validation. Establishment of model boundaries with regard to the
conceptual model for the site has been demonstrated to benefit model validation in previous
studies (Velleux et al., 1995). Upstream boundary conditions of streamflow and solids loads will

be provided to EFDC by HSPF after both models are calibrated, based on runoff simulations
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driven by land uses, drainage basin topography, and historical records of precipitation and other

meteorological properties.

Flow records are available at two USGS gauging stations, which form the boundary conditions
for the hydrology model for an extended period of record. This extended period of record will be
of use in developing constructed hydrographs for long-term future simulations, an approach that

has been demonstrated to provide reasonable and satisfactory results (Velleux et al., 1995).

Additional examination of PCB data since the Peer Review has confirmed that PCB data from
this historical period of record are comparable to recently collected data, and that no systematic
biases exist. Therefore no adjustments such as those performed in the Hudson River Modeling

Study are necessary.

Initial conditions for defining the bathymetry of the river and Woods Pond are problematic since
depth surveys were not conducted during the early years of PCB investigations in the Housatonic
River. Best estimates of the bottom depths of Woods Pond ca. 1979-1980 will be determined
using the contemporary bathymetric survey performed by EPA during 1999 adjusted by
estimates of sediment deposition rates determined using Cs-137 profiles obtained from dated
sediment cores. The PCB and grain size data in the sediment cores obtained from Woods Pond
will also be used to interpret the success of the validation simulations as an integration of the

simulation over the entire model domain.

Because the model simulations will need to predict future conditions to achieve the modeling
study objectives, upstream boundary conditions must also be determined for future time periods.
A number of approaches exist for establishing these boundary conditions. One approach could
be based on simply extrapolating the actual sequence of historical hydrologic records to provide
a long-term data set for a forecast simulation. An alternate approach could be based on using a
random sequence of normal, dry, and wet years to represent the statistics of the observed
hydrologic record that would include the occurrences of extreme drought and flood conditions.
The external upstream boundary loading of PCBs will depend on assumptions related to a

specific remedial alternative.
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It is expected that the model parameters determined during model calibration, and confirmed

during model validation, will remain unchanged for the remedial scenarios.

Details of the assumptions and methodologies to be used in compiling the input data sets for

model validation simulation for the 1979 to 2000 period will be presented in the final MFD.

22.4.2 Contingency Plans

As noted by the Peer Reviewers, there is always the possibility that the long-term simulation for
model validation may fail to match the observed database. This process would require revisiting
the model framework, parameters, data, and the conceptual model to understand why the
simulation did not produce reasonable results. EPA is not proposing additional contingency

plans at this point in the modeling study.

22.5 REFERENCES

Gailani, J.Z., W. Lick, K. Ziegler, and D. Endicott. 1996. “Development and Calibration of a
Fine-Grained Sediment Transport Model for the Buffalo River.” J. Great Lakes Res., 22(3):765-
778.

Velleux, M., D. Endicott, J. Steuer, S. Jaegar, and D. Patterson. 1995. “Long-Term Simulation of
PCB Export From the Fox River to Green Bay.” J. Great Lakes Res., 21(3):359-372.
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23. MODEL SENSITIVITY (S)

23.1 COMMENT SUMMARY

Reviewer Name Page Line Number(s)

Adams 2 37-43

3 1-3

3 5-8
Endicott 5 32-45

6 1-2
Garcia 5 42-45

6 1-11
Lick 8 34-35

23.2 BACKGROUND

A sensitivity analysis provides information on the effect of systematic changes to a single

adjustable model parameter on the outcome of the state variable responses of the model

(Reckhow and Chapra, 1983). A sensitivity analysis will be performed during the calibration of

each model to determine the key parameters that have the greatest influence on model

predictions and which will be evaluated in the uncertainty analysis.

23.3 SUMMARY OF ISSUES

The Peer Reviewers’ comments on Model Sensitivity are as follows:

= The Peer Reviewers noted the importance of systematic evaluations of parameters of

sensitivity for each model.

= [t was recommended that sensitivity analyses be performed to identify the model

parameters that could affect model predictions.

= Concern was expressed that the computational burden of EFDC was such that it
would not be feasible to perform analyses of the sensitivity of the hydrodynamic,
sediment transport, and PCB fate models.
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» The reviewers recommended the selection of a simpler model framework with a
reduced computational burden so that a thorough analysis of sensitivity would be
feasible.

23.4 EPA’S RESPONSE TO COMMENTS RELATED TO MODEL SENSITIVITY

EPA agrees with the Peer Reviewers that performing a sensitivity analysis is an important
component of the modeling exercise. In a sensitivity analysis, several key model parameters are
identified, an accepted range of parameter values is compiled, and the value of each parameter is
systematically changed to determine the response of the model to changes in each parameter.
This technique is referred to as “parameter perturbation.” The effect of systematically changing
each single adjustable parameter on the state variables and endpoints of the model results is then
evaluated against a reference, or base run, to identify which adjustable parameters cause the
greatest change in the model results. The outcome of the sensitivity analysis can provide
guidance in determining which parameters have the greatest effect on the model predictions and

hence require the most careful consideration for model calibration.

In the final MFD, the key calibration parameters for each model will be identified on the basis of
the literature and experience of the modeling team. A preliminary list of the key calibration

parameters for each model was presented in the Modeling QAPP (Beach et al., 2000).

The approach to evaluating sensitivity will be implemented during the model calibration process
and documented in the calibration report. It is EPA’s opinion that the computational complexity

of the selected models should not prevent the implementation of a sensitivity analysis.

23.5 REFERENCES

Beach, R.B., J.S. Clough, P.M. Craig, A.S. Donigian, R.A. McGrath, R.A. Park, A. Stoddard,
S.C. Svirsky, and C.M. Wallen. 2000. Quality Assurance Project Plan: Modeling Study of PCB
Contamination in the Housatonic River. Prepared for U.S. Army Corps of Engineers and U.S.

Environmental Protection Agency. Prepared by Roy F. Weston, Inc., West Chester, PA. DCN
GE-100500-AADY.

Reckhow, K.H. and S.C. Chapra. 1983. Engineering Approaches for Lake Management,

Volume 1: Data Analysis and Empirical Modeling. Butterworth Publishers, an Ann Arbor
Science Book, Woburn, MA.
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1 24. UNCERTAINTY ANALYSIS—U

2 241 COMMENT SUMMARY

Reviewer Name Page Line Number(s)

Endicott 5 32-45
6 1-2
13 31-41

Garcia 5 42-45
6 1-11

Shanahan 3 27-34
4 6-12
7 38-41
8 1-3
8 7-37
9 12-18
9 19-28
12 34-41
13 1
13 2-8
15 23-34
17 24-32

24.2 BACKGROUND

N

The modeling efforts described in the MFD will be used to evaluate the extent to which remedial
alternatives affect (1) PCB concentrations as a function of time and depth in the river bed
sediments, riverbank, and floodplain; and (2) PCB concentrations as a function of time in target
biota. The model predictions, as with any environmental model, will be characterized by an
inherent degree of uncertainty. For the purposes of this uncertainty analysis, the term
“uncertainty” will be defined as including those sources of uncertainty that are known and can be

measured, those that are known and cannot be measured, and those that remain unknown. For
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the first categories of sources, an analysis will be conducted to evaluate the magnitude and bias

with respect to model predictions.

This section presents EPA’s response to comments regarding Uncertainty Analyses. The

uncertainty analysis will address those parameters of most concern identified in the Sensitivity

Analysis, as discussed in Section 23 (Model Sensitivity).

24.3 SUMMARY OF ISSUES

The Peer Reviewers raised the following issues with respect to the uncertainty analysis of the

proposed models:

Computational burden of EFDC. A concern was expressed about the computational
demands associated with the EFDC model, and the possible impact on an uncertainty
analysis. The use of a simpler (one-dimensional) hydrodynamic model to allow
completion of a rigorous uncertainty analysis was proposed.

Additional data requirements. It was suggested that more data be collected and the
conceptual model of the distal floodplain be refined before EFDC is selected for use.
Sampling of the next 10-year storm event was recommended to refine the Conceptual
Model.

Methods used for uncertainty analysis. A concern was expressed regarding the use
of a model calibrated with data collected over a short-term for predicting long-term
PCB fate and transport. It was suggested that generating synthetic time series for a
range of model input parameters and boundary conditions should be done, with the
goal of generating model outputs of statistical significance. It was noted that there is
considerable uncertainty in the use of EFDC to forecast high-flow events and system
response decades into the future. The reviewers proposed that model uncertainty be
addressed by a combination of Monte Carlo analysis, Bayesian Monte Carlo analysis,
and alternative bounding calibrations.

Identification of factors that affect uncertainty. Processes that affect predictions of
PCB concentrations in sediment, water and fish, that have the most significant
(known) uncertainties associated with them were identified by the reviewers.

AQUATOX complexity. The Peer Reviewers noted that the AQUATOX code was
too complex for this application and as a result the uncertainties could not be
estimated.

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION24_U.DOC 24 2 6/10/02



O 0 9 N »n K~ W

10

11
12
13
14
15
16

17
18
19

20
21
22
23
24

25
26
27

24.4 EPA’S RESPONSE TO COMMENTS REGARDING UNCERTAINTY

24.41 Computational Burden of EFDC

EPA agrees that an understanding of the uncertainty of model predictions is essential. However,
as noted in the MFD and in EPA’s April 12, 2001 written response to the Peer Reviewers’
comments on the MFD prior to the Peer Review Meeting on April 25 — 26, 2001, a formal
uncertainty analysis using the detailed, 2-dimensional model for the entire modeling domain is
not possible because of the computational requirements of the EFDC code. This would be the
case with the application of any hydrodynamic model that represents processes mechanistically

over an entire modeling domain in a simulation spanning decades.

In response to this issue, EPA proposes a stepwise approach to the uncertainty analysis for
EFDC. First, uncertainty associated with site data will be examined using data on precision and
accuracy of measurements obtained from extensive quality assurance evaluations conducted
during the course of the sample collection and analysis, as discussed in the Supplemental
Investigation Work Plan (WESTON, 2000) and accompanying Quality Assurance Project Plan
(WESTON, 2001).

Second, during the calibration process, comparisons will be made between model projections and
site data. These comparisons will be used to quantify residual parameter-specific uncertainty in

the calibrated model.

Finally, the information from the preceding steps will be used to develop a targeted formal
approach to evaluating uncertainty in EFDC. At this time EPA believes this approach will
involve using a simplified EFDC code and/or performing the uncertainty analysis on a smaller
segment of the model domain. The details of this approach will be presented in the Calibration

Report.

A broader discussion of the need for a 2-dimensional model and the limitations associated with a
I-dimensional representation is provided under Section 16 (EFDC Algorithms, Source Code and

General Input/Output Issues).
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24.4.2 Additional Data Requirements

EPA agrees that the collection of additional data for use in over-bank flow simulations, as well
as other information and data, would be useful to better define uncertainty. Sampling during a
large storm event is planned. Additional data collection activities, such as the storm sampling, as
well as bedload sampling, meander and bank erosion evaluations, and additional coring in the

river channel, are described under Section 7 (Additional Data Collection Activities).

24.4.3 Methods Proposed for Uncertainty Analysis

To develop an understanding of the uncertainties associated with model predictions, a simplified
application of the linked models will be constructed. The simplified model application will
include the most important processes relevant to the evaluation of remedial alternatives, at a
more macroscopic level than the detailed application. The simplified model application is
expected to have no more than 30 time-varying parameters and will permit the use of modern
uncertainty analysis techniques. The simplified model application will be used to assess the
reliability of the output produced by the more detailed model. For the purpose of conducting
uncertainty and sensitivity analyses, developing a simplified model is preferable to developing

synthetic time-series for a range of model input parameters and boundary conditions.

24.4.4 Key Parameters for Uncertainty Analysis

EPA recognizes that many of the most important factors in predicting PCBs in a given medium

over time contribute to uncertainty in model predictions. Examples of such factors include:

= Spatial pattern of PCB concentrations.

= PCB loadings.

= Suspended solids loadings.

= Resuspension and deposition fluxes.

» Sediment bed mixing and diffusion.

= Loss of PCBs to the floodplain during floods.
The analysis described above will consider these sources of uncertainty using statistical
descriptions (e.g., bounded probability distributions). For the variables that have been studied
empirically, specific parameterized probability distributions could be used. For variables that are

not well understood, it may be necessary to construct empirical or estimated distribution
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functions by regression or other estimation procedure based on limited sample sizes. In some
cases, variables may be developed based only on rough estimates of the first one or two moments

and/or the theoretical range of the variable.

24.4.5 AQUATOX Complexity

EPA agrees with Peer Reviewers that the complexities represented in AQUATOX may not be
necessary for the Housatonic River application and will replace AQUATOX with a simpler
bioaccumulation model. Other more simplified bioaccumulation models have been evaluated for
use on the project. The evaluation and selection of another model is further discussed in Section
17 (Bioaccumulation Model/AQUATOX). Although there are uncertainties in bioaccumulation
modeling (as in all modeling), EPA does not believe that these uncertainties are a barrier to

effective implementation of the new model, particularly given the simpler model formulation.

For the new model, tests of the sensitivity of model outputs to the individual model parameters
will be conducted throughout the bioaccumulation modeling task. Additional detail will be
provided regarding the overall degree of confidence for those parameters to which the model is
most sensitive. For those parameters determined to be the most sensitive, a formal uncertainty
analysis will be conducted. Where possible, a weight-of-evidence approach will be used to

develop parameter estimates, in order to minimize uncertainty.

24.5 REFERENCES

WESTON (Roy F. Weston, Inc.). 2000. Supplemental Investigation Work Plan for the Lower
Housatonic River. Vol. I - Text and Figures and Vol. II - Appendices. Prepared for U. S. Army
Corps of Engineers, New England District, Concord, MA.

WESTON (Roy F. Weston, Inc.). 2001. Quality Assurance Project Plan. Environmental
Remediation Contract, GE/Housatonic River Project. Volumes I, II, IIA, and IV. Prepared for
U.S. Army Corps of Engineers. DCN GE-021601-AAHM.
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25. REMEDIATION-R

251 COMMENT SUMMARY

Reviewer Name Page Line Number(s)
Adams 4 27-28
Bohlen 5 40-44

6 25-32
Endicott 22 8-10
Garcia 3 35-37
Lick 9 8-17
9 28-34
11 6-8
Shanahan 7 26-37
11 10-17

25.2 BACKGROUND

A major objective of the MFD is to propose a modeling study that can accurately predict

concentrations of PCBs in biota in the future under different remedial scenarios. Although EPA

has the responsibility for generating and performing Peer Review on the Model Framework, and

the Calibration and Validation Reports, GE is responsible for using the model to evaluate the

remedial alternatives.

25.3 SUMMARY OF ISSUES

The Peer Reviewers expressed the following concerns regarding remediation:

= Contaminant flux and the relative contribution of the sources are not addressed in the

MFD.

=  Further assessment should be performed of the ongoing remediation efforts by GE
and planned by EPA that will affect source characteristics.

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION25_R.DOC
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represent an experiment in progress that should be used to document system response
to a reduction in contaminant flux.

» Further discussion on the representation of the remedial alternatives (including
dredging and in situ remediation [natural or engineered]), and representation of model
forcing functions during simulation of the remedial scenarios, should be provided.

= [Extensive measurements of flow, TSS, and PCB concentrations within the
remediation region are needed as a check on the modeling. Conditions at the
confluence will be affected by the remediation and the models reparameterized to
reflect these changed conditions.

25.4 EPA’S RESPONSE TO COMMENTS REGARDING REMEDIATION

The MFD presents EPA’s approach to constructing the modeling framework. It is not
appropriate for EPA to speculate on precisely what GE will do when parameterizing the model in
the future when simulating the possible remedial alternatives. EPA’s modeling team has had a
number of discussions with the GE team on the possible approaches for modeling the remedial
alternatives, and the responses below reflect those discussions. EPA believes the MFD provided
a reasonable framework for a modeling study that has the capability of modeling possible
remedial alternatives. The MFD did not address the application of the model to specific remedial
alternatives because of the reason noted above (i.e., the lack of precise information about how

GE will parameterize the model in the future).

25.4.1 Contaminant Flux and Relative Contribution of the Sources

EPA agrees with the Peer Reviewers that developing an understanding of the PCB/solids fluxes
into and within the Primary Study Area (PSA) is important in the development of the conceptual
model and the subsequent interpretation of model output. The flux analysis described in Section
20 (Time Scale/Time Step Interactions) and Section 2 (Model Selection) will address the
contaminant flux and relative contribution of solids/PCBs across the upstream boundary
conditions at the confluence into the PSA and within the PSA domain. The flux analysis will be

included in the final MFD.

Characterization of the potential sources of PCBs in the upstream reaches differs greatly from
characterization of PCB sources in the PSA. The conceptual model developed for the modeling

study based upon data collected at the site identifies only three sources of PCBs to the PSA,
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those entering across the upstream boundary condition as a function of dissolved and particulate
suspended load and bedload, those within the sediment bed and floodplain soil in the PSA, and
atmospheric loadings. The historical and current sources in the upstream reaches are more
numerous and are being addressed through other actions under the Consent Decree. Therefore, it
is not necessary to perform an additional evaluation of relative contributions of contaminants

from sources upstream to the East Branch as part of the modeling study.

25.4.2 Effects of the Ongoing Remediation Efforts by GE and Planned by EPA on
Source Characteristics

Monitoring data are being collected and will continue to be collected as part of the ongoing
remediation efforts. EPA shares the Peer Reviewers’ interest in evaluating the effects of
remediation on source characteristics, and EPA’s project team will share these evaluations

between team members as they become available to better inform all decision-making.

25.4.3 Representation of Remedial Alternatives, Including Dredging and In Situ
Remediation (Natural or Engineered), and Representation of Model
Forcing Functions in the Models During Simulation of Remedial
Scenarios

As stated previously, it is GE’s responsibility to model remedial alternatives and to parameterize
the model forcing functions when doing so. Realistically at this time there are only three
alternatives recognized for addressing most PCB-contaminated sediment—dredging, capping,
and/or some combination of the two, or monitored natural attenuation. If unacceptable risks are
identified that require remediation, these alternatives or some combination of them will be

considered.

Engineered and/or natural in situ remediation is not a likely approach for this site. A significant
body of research has been performed by GE’s Research and Development Group in relation to
the Housatonic River (Van Dort et al., 1997; Bedard et al., 1997; Deweerd et al., 1999). This
research suggests that the overall degradation of PCBs was relatively limited. Thus in situ
remediation (biodegradation) has limited promise at the scale necessary for consideration as a

remedial alternative at this site.
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EPA’s modeling team has discussed these issues with GE and believes that there are reasonable
approaches to representing the remedial scenarios and model forcing functions when modeling
remedial scenarios. These approaches were summarized in the information GE provided in the

April 2001 response to the Peer Reviewers’ questions (see Appendix B, pp. 37-38).

25.4.4 Extensive Measurements of Flow, TSS, and PCB Concentrations Within
the Remediation Region as a Check on the Modeling

Flow, TSS, and PCB measurements are being collected by GE as part of the }2-mile removal, and
are proposed by EPA for the 1 '2-mile removal. In response to the concerns expressed by the
Peer Reviewers, GE has agreed to continue to collect these data at Pomeroy Avenue, New Lenox
Road, and Woods Pond Dam as remediation efforts continue. EPA expects that the data
available at the time the modeling of remedial scenarios is performed will be used to inform the

parameterization of the boundary condition fluxes and as a reality check on model predictions.

25.5 REFERENCES

Bedard, Donna L., Heidi M. Van Dort, Ralph J. May, and Lynn A. Smullen. 1997. “Enrichment
of Microorganisms That Sequentially meta, para-Dechlorinate the Residue of Aroclor 1260 in
Housatonic River Sediment.” Environmental Science & Technology 31(11): 3308-3313.

Deweerd, Kim A. and Donna L. Bedard. 1999. “Use of Halogenated Benzoates and Other
Halogenated Aromatic Compounds to Stimulate the Microbial Dechlorination of PCBs.”
Environmental Science & Technology 33(12): 2057-2063.

United States of America, State of Connecticut, and Commonwealth of Massachusetts, Plaintiffs,
vs. General Electric Company, Defendant, Civil Action No. 99-30225, 99-30226, and 99-30227-
MAP (Consolidated). October 1999. Consent Decree.

Van Dort, Heidi M., Lynn A. Smullen, Ralph J. May and Donna L. Bedard. 1997. “Priming
Microbial meta-Dechlorination of Polychlorinated Biphenyls That Have Persisted in Housatonic
River Sediments for Decades.” Environmental Science & Technology 31(11): 3300-3307.
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26. MISCELLANEOUS - MISC

26.1 BACKGROUND

Some of the Peer Reviewers’ comments could not be easily categorized under the issues
described in Sections 2 through 25 in this Responsiveness Summary. These comments are

addressed individually, rather than by topic, below.
26.2 EPA’S RESPONSE TO MISCELLANEOUS COMMENTS

Comment: The effort to assemble, modify as necessary, interface, then calibrate and validate
three sophisticated models to an acceptable level of accuracy, could be very time consuming,
especially since the models have never been used together in such an application. Thus a major
concern is whether acceptable results can be obtained in a reasonable time. Given the time that
will be required to complete the upstream (0.5 and 1.5 mile) remediation activities, perhaps the
modelers could be given more time to develop the model(s) which will be used for potential
remediation in the PSA.

EPA Response: EPA agrees that the current modeling schedule is ambitious, but believes that a
workable numerical model of the PSA can be developed in the time proposed. The validation of
the model(s) and their delivery to GE is one of the milestones that initiates GE’s Corrective
Measures Study (CMS), as specified in Attachment B to GE’s Reissued RCRA Permit. The Y-
Mile and 1 2-Mile Removal Actions will not be completed for several years, and EPA believes

that it is not in the best interest of the public to further delay the commencement of the CMS.

Comment: Everyone has their own guidelines for developing/evaluating models, but one I like
was generating by an ASCE task committee I served on some years ago. The paper which was
generated by that committee (Ditmars et al., 1987) includes six steps in model performance
evaluation which might be helpful to the modeling team. These steps include:

Identification of problem
Relationship of model to problem
Solution scheme examination
Model response studies

Model calibration

Validation studies

S

EPA Response: EPA will review the Ditmars et al. article for potential application to the

current modeling effort. The type and sequence of activities listed above is generally consistent
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with the proposed activities for the development of the model as outlined in various sections,

particularly Section 5, of the MFD.

Comment: | would like to see more information on near-bottom sediment conditions; e.g., the
role that any bottom fluff layer may play in sediment-water exchange.

EPA Response: The presence, behavior, and role in sediment/contaminant transport of so-called
fluff or boundary layers is not well understood. In the ocean and in deep lakes, high suspended
solid nepheloid layers are well documented, but their presence in lotic systems is less common.
In the Housatonic River, observations suggest that while such layers do exist in certain areas
under certain conditions, they are not common in the coarse sediments present in much of the
PSA. There are no data on the spatial and temporal distribution of such layers, and the collection
of such information would constitute a research program. Even less well understood, and likely
more important, is the role of any such layers in mediating sediment-water exchange of PCBs

and/or other contaminants.

Comment: Initial bathymetry (1980) will be developed using current bathymetry and
subtracting sediment deposition inferred from Be-7, Pb-210, Cs-137, etc. Then when the model
is run forward, the same deposited sediments will be added, presumably yielding current
conditions. While this should provide a good history of recent morphology, it is not predictive of
future changes. It is unfortunate that there are not any independent estimates of historical
bathymetry.

EPA Response: EPA agrees that it would be very useful to have historical bathymetry to
perform an assessment of the ability of the model to reproduce historical and current conditions
of sediment deposition in the model calibration and validation runs. However, the data do not
exist; therefore, historical deposition rates will be estimated using radioisotope data. The ability
of the model to simulate the estimated historical rates demonstrates that the fundamental
processes controlling sediment erosion, transport, and deposition have been accurately captured
by the model. Although it is true that the ability to reproduce past events accurately does not
conclusively demonstrate an ability to simulate future events with equivalent accuracy, the
acceptance of such a demonstration is inherent in the modeling process for all models and all
parameters. All future conditions are inherently uncertain, a fact that is the fundamental reason

for modeling.
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Comment: The pertinence of the issue of proper model structure is demonstrated in a recent
review of the models developed to assess PCB contamination in the Fox River in Wisconsin
(Tracy and Keane, 2000). A physically-based (as opposed to empirical) model of the Fox River
was developed by the Wisconsin Department of Natural Resources (WDNR), calibrated to field
data for PCBs and suspended solids, and apparently used as the basis for a draft Superfund
Feasibility Study (FS) of alternative strategies to remediate the river. Alternative cleanup
strategies range from no action to dredging and contained disposal of contaminated sediments at
an estimated cost of $720 million (WDNR, 1999). Subsequent to the publication of the models
and draft FS, the WDNR model has been examined in detail by consultants to the industries
identified as Potentially Responsible Parties (PRPs). The consultants identified a serious
structural flaw in the model. Numerical dispersion arising from the representation of PCB
transport in the sediments produces a large artificial flux of PCBs from deep sediment layers to
the sediment surface in the WDNR model. As the result of this and other differences in the
models, the WDNR model predicts that 70% more PCBs will be discharged from the Fox River
than does an alternative model developed by the PRPs’ consultants. WDNR has corrected its
model, but has not yet reported the effect on the model predictions. There appears to be no
consensus among the various parties on a best model or best modeling approach and, as indicated
by Dr. Lick during the Peer Review Workshop, estimates of bed erosion between the parties
differ by two orders of magnitude. The specific flaw identified in the WDNR Fox River model
is known to the modelers working on the Housatonic River and will not be repeated. Moreover,
the Housatonic River modelers also know the recommendations of the Fox River Peer
Reviewers, although the study is cited only in the EPA Response to Peer Reviewers Questions
and not in the MFD or QAPP. Regardless of the specific flaw in the WDNR model and its
correction, the Fox River example reveals a fundamental failing in the application of these highly
complex models: the models are over-parameterized such that even an intrinsically flawed model
can be “calibrated” to field data. I suspect that with the number of parameters included in the
AQUATOX model, it could be satisfactorily calibrated to any time-series data set, including the
Dow Jones Industrial Average.

Beck’s review of model uncertainty leaves me pessimistic—he states, for example, that, “Over
parameterization seems both intrinsic and an intractable problem” (Beck and Halfon, 1991). He
also makes clear that a “physics-based mechanistic” approach is hardly a panacea (Beck, 1987).
It is noteworthy that he cites the predecessor model of AQUATOX as an example of the
misguided physics-based approach. In essence, Beck argues that these models cannot be tested
by the scientific method because they cannot be shown to be false. There are too few field data
to disprove the many subordinate hypotheses and parameters embedded in these complex
models. Thus, one cannot test hypotheses as is incumbent with the scientific method. Despite
this overall pessimism, Beck (1987) does provide some optimistic observations. In particular, he
distinguishes simulation of hydrology (and by implication, hydrodynamics) from simulation of
water quality. He cites the longer and more intensive study of hydrologic processes compared to
the more ephemeral attention to water quality (which has shifted attention over the years from
BOD/DO, to eutrophication, to acid precipitation, and now to toxic chemicals). As a result of
more intensive historical examination, the hydrological and hydrodynamic processes are better
understood, more certainly parameterized, and better identified. In the context of the Housatonic
River modeling framework, the HSPF and hydrodynamic portion of the EFDC fall within this
class of more certain models. The comparatively empirical AQUATOX and sediment transport
portion of EFDC are within the less certain category.
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Another seemingly pessimistic aspect of Beck’s analysis is the fact that his focus is primarily on
eutrophication modeling, which is only a subset of the modeling exercise proposed here and thus
less complex. However, as Beck (1987, Figure 15) illustrates, the eutrophication problem has
some intrinsic difficulties that may not be shared by the PCB problem. Specifically, the
prediction of eutrophication involves the translation of relatively steady meteorological and
nutrient loading forcing functions into episodic algal blooms—an abrupt transient response that
bears little resemblance to the character of the forcing functions. The PCB problem can be
idealized as a relatively better behaved problem: namely the exponential depletion and burial of
mass over decadal time scales. Indeed, with this conceptual model, I wonder if a calibrated
exponential decay coefficient for PCB loss could be as reliable a predictor as the modeling effort
proposed here. A flaw in the exponential conceptual model is, of course, the potentially great
influence of unusually high flow events. However, the predictive ability of the proposed
modeling framework for high flow events is perhaps the single greatest uncertainty in the model.

The focus of this question is on theoretical rigor when many of the equations for hydrologic
processes in HSPF, sediment resuspension, settling, and transport in EFDC, and biotic
interaction in AQUATOX are empirical rather than theoretical. Indeed, one could argue that the
only consistently theoretically rigorous aspect of the models is the hydrodynamic model in
EFDC.

EPA Response: The reviewer is correct that the specific flaw in the WDNR Fox River model is
well known to the Housatonic River modeling team and will not be repeated. With regard to the
larger question of over-parameterization of the model(s) to be used in the Housatonic River, the
modeling team is similarly aware of the problems associated with over-parameterization and the
ability to demonstrate (apparent) calibration of such a model even if highly flawed, particularly
when reasonable and possible ranges for state and process variables are imperfectly known. The
discussion provided in the MFD outlines the intent of the modeling team to pursue a modeling
framework that will avoid the dangers of over-parameterization. This objective, along with
specific comments received from the Peer Reviewers, has prompted the modeling team to
replace the AQUATOX model with a simpler bioaccumulation model, as discussed in Section

17.

Comment: As far as specific data issues, | am concerned by the project team’s failure to
consider important data available from Massachusetts sources. The following potentially
valuable data were not considered and apparently were unknown to the modeling team:

Data Source Data Type

Massachusetts Department of Past water-quality assessments in 1997-1998, 1992, 1985, 1976-1978,
Environmental Protection 1974, 1968-1969 that variously included water-quality sampling,
wastewater discharge surveys, biota sampling, sediment sampling,
and probably time-of-travel and other hydrodynamic field studies.
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Data Source Data Type

Mass GIS Geographic information system coverages of soil types, land use,
wetlands, surficial geology, topography, aerial photography, and other
geographical features.

Federal Emergency Management | Hydrologic and hydraulic studies conducted under the Flood
Agency Insurance Program and possibly high-water mark surveys after flood
events

These data are likely to assist in the formulation of food-web relations, construction and
calibration of the hydrodynamic and hydrologic models, and construction and calibration of the
phytoplankton component of the water-quality model. I am concerned that the failure to search
for and incorporate these important past data could betray a false confidence in the proposed
modeling framework: in other words, that the modelers could have concluded that their models
are so good and so fundamentally sound, that they do not need to exert every effort to locate the
best available data.

EPA Response: EPA appreciates these references to additional data that may be useful in
calibrating and validating the model(s). These sources will be consulted and used in the

modeling effort as appropriate.

Comment: The QAPP does not appear to include procedures specifically to check model input
data. Section 11 appears to touch on this, but should also specify that all input data time series
be plotted for visual inspection and cross-checking.

EPA Response: As discussed in Section 11 of the Modeling QAPP, the data will be reviewed
and evaluated by the modeling team members as well as by the project Quality Assurance Team.
These reviews will include time series plots, as well as other standard techniques for visual
inspection and cross-checking. The Modeling QAPP was not intended to provide an exhaustive
description of all forms of data review and evaluation that might be undertaken as part of this

effort; these procedures are established in the Project QAPP (WESTON, 2001).

Comment: The EPA Response to Peer Reviewers Questions indicates that the new sediment
bed representation in AQUATOX was tested against the IPX V 2.74 model. It, and all other
newly created code, should be also validated against analytical solutions for which there are
known solutions.

EPA Response: EPA agrees with the comment that, where possible, code formulation should be
verified against analytical solutions. This is being performed, and these comparisons will be

presented in the final MFD.
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Comment: EPA states (response, page 14): “Since this class of hydrodynamic models are based
on first-principle physics, the hydrodynamic regime of both small and large water bodies can be
simulated accurately as long as proper boundary conditions are imposed ........ ”

This is not correct. EFDC is not a first principle model. It is a model that uses the time-
averaged Navier-Stokes equations with a turbulence closure model that requires empirically
defined coefficients. If it were a first principle model it would solve the Navier-Stokes equations
in a direct numerical simulation. This is a common misrepresentation by turbulent flow
modelers, that they are using first principles, when in fact they are not. The fact is that these
turbulence models have not yet been able to describe properly even the simplest hydrodynamic
flow over an extended range of Reynolds number, e.g., determination of the drag coefficient for
turbulent flow past a sphere. Nevertheless, the models have gained some measure of acceptance
because they appear to be capable of reproducing the gross features of some large-scale flows.
In other cases they have failed completely (e.g., Santa Barbara Channel). The failures seldom
ever get published.

EPA Response: The reviewer is correct that EFDC is not a first-principle model; that statement

will be removed from the final MFD.

Comment: The models would seem adequate to discriminate between water related and
sediment-bound sources of PCBs. However, sediment itself could have an impact on habitat
regardless of whether or not it’s laden with PCB (Huang, X., and Garcia, M., “Pollution of
Gravel Spawning Grounds by Deposition of Suspended Sediment,” Journal of Environmental
Engineering, vol. 126, No. 10, October, 2000).

EPA Response: The reviewer is correct that the physical effects of sediment deposition can
impact habitat and resident populations, particularly populations of relatively sessile benthic
organisms that are unable to cope with rapid burial. Exactly such an impact was seen during the
Mussel Exposure Study initiated as part of the Housatonic Project but terminated due, in part, to
unacceptable mortality resulting from burial of some of the mussel cages in sediment deposited

during a storm.

Such sediment deposition, however, is a natural event and is conceptually similar to impacts due
to an unusually dry summer, ice scour in an unusually severe winter, or any number of other
impacts that are wholly unrelated to the GE Pittsfield facility and contaminants, particularly
PCBs, in the river. Although such events may impact biota populations, at least in the short
term, they do not directly affect the levels of contaminants in the biota. The objective of the
modeling effort is to determine future levels of PCBs in biota within the PSA for various

remedial alternatives simulated on decadal scales.
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Comment: Some much-needed clarity would be gained by changing some of the nomenclature
used in the MFD and QAPP. The best examples I can identify are:

Historical PCB sources-replace with “in-place PCBs”
Partition coefficients-Use of Kp, when you mean Koc, is a pain.
(Greater consistency would improve the document.)

EPA Response: The general comment and particular examples are noted, and the final MFD

will be reviewed carefully to improve consistency in the use of technical terms.

REFERENCES

Ditmars, J.D., E.E. Adams, K.W. Bedford, and Dennis E. Ford. 1987. “Performance Evaluation
of Surface Water Transport and Dispersion Models.” J. Hydraulic Engineering 113(8):961-980.

Tracy, J.C. and C. M. Keane (editors). 2000. 4 Review of Models Predicting the Fate and Export
of PCBs in the Lower Fox River Below DePere Dam. A report of the Lower Fox River Fate and
Transport of PCBs Peer Review Panel. American Geological Institute, Alexandria, VA.

WESTON (Roy F. Weston, Inc.). 2001. Quality Assurance Project Plan. Environmental
Remediation Contract, GE/Housatonic River Project. Volumes I, II, IIA, and IV. Prepared for
U.S. Army Corps of Engineers. DCN GE-021601-AAHM.

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\SECTION26_MISC.DOC 26 7 6/10/02



APPENDIX A

COMMENTS OF PEER REVIEWERS
SHOWING CLASSIFICATION OF COMMENTS

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\APPA_BRKR.DOC 6/10/2002



Peer Reviewers for Housatonic River Model

E. Eric Adams, Ph.D.

Senior Research Engineer

Department of Civil and Environmental Engineering
Massachusetts Institute of Technology

Cambridge, Massachusetts

W. Frank Bohlen, Ph.D.
Professor

Department of Marine Sciences
University of Connecticut
Groton, Connecticut

Douglas Endicott, P.E.
Environmental Engineer

Great Lakes Environmental Center
Traverse City, Michigan

Marcelo H. Garcia, Ph.D.

Director

Ven Te Chow Hydrosystems Laboratory
Department of Civil and Environmental Engineering
University of Illinois at Urbana-Champaign

Urbana, Illinois

Wilbert Lick, Ph.D.

Professor

Department of Mechanical & Environmental Engineering
University of California at Santa Barbara

Santa Barbara, California

E John List, Ph.D.
President

Flow Science Incorporated
Pasadena, California

Peter Shanahan, Ph.D.
President
HydroAnalysis, Inc.
Acton, Massachusetts

MKO1|L:\RPT\20123001.096\MFD_FNRESPSUM\APPA_INTRO.DOC A 1

6/10/2002



Codes Used in Classifying Major Issues To Be Addressed in MFD
Responsiveness Summary

An @ sign marks the start of a comment that is marked at the end by one or more of the
following codes:

Peer Review Process — PR
Model Selection — MS
Model Domain — MD
Conceptual Model/Process Prioritization — CMP
Conceptual Model/Evaluation of Site Data — CMD
Adequacy of Data — AD
Additional Data Collection Activities— DC
Floodplain/Channel Interactions — FC
Floodplain Vegetation — FV

. Bank Slumping/Erosion/Meandering — BSE

. Rare Flood Events — RF

. Active Layer — AL

. Sedflume — SF

. PCB Fate — PCB

. HSPF — H

. EFDC-E

. Bioaccumulation Mode/AQUATOX — A

. Model Linkages — L.

NN RO =
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19. Grid Scheme/Spatial Scale — GS
20. Time Scale/Step Interactions — TS
21. Calibration — C

22. Validation — V

23. Model Sensitivity — S

[\
NN

. Uncertainty Analysis— U
. Remediation — R
. Miscellaneous - MISC

NN
AN W
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RESPONSE TO CHARGE FOR THE
HYDRODYNAMIC MODELING PEER REVIEW

1. General Overview of Response

e (@The effort to assemble, modify as necessary, interface, then calibrate and validate three
sophisticated models to an acceptable level of accuracy, could be very time consuming,
especially since the models have never been used together in such an application. Thus a
major concern is whether acceptable results can be obtained in a reasonable time. Given the
time that will be required to complete the upstream (0.5 and 1.5 mile) remediation activities,
perhaps the modelers could be given more time to develop the model(s) which will be used
for potential remediation in the PSA. MISC

e (@The task is made harder by constraints imposed by the consent decree and the fact that
there are two modeling teams (EPA and GE) working essentially independently. If the peer
review panel could interact more directly with the modeling team(s) and with their
consultants, the task would be easier. It seems strange to think that GE will be handed the
EPA model suite and then asked to use it. So much of modeling has to do with the “feel” for
the model. I would find this quite awkward. Wouldn’t it be easier for them to participate
more directly in the model development? PR

e (@The model framework, as presented, seems too complicated. I would prefer if the
developers started with a conceptual model, then progressed to more sophisticated models as
needed. The conceptual model could nominally include all of the potentially important
processes, but just not with complete spatial and temporal resolution. This way it would be
easier to see which processes were really important and which could be eliminated or
approximated more simply. There is a nice discussion of conceptual modeling, at the
beginning of Chapter 3 of the MFD, but it appears that the modelers are starting big and
planning to pare down. Perhaps they will end up at the same place. CMP

e (@Regardless of whether ones builds up or pares down, each iteration requires some model-
data comparison (hence, calibration) to assess model adequacy. As such, it may be difficult
for the peer review process to conform strictly to the prescribed sequence of model
framework design, calibration, then validation. C

e (@Perhaps most importantly, the model framework needs to consider the particular
application, and the sensitivity of model processes/parameters to that application. This point
is made in the statement of model objectives, but it seems to be lost in the detailed
framework design. My sense is that it is easier for a model(s) to reliably compare the
environmental benefits of various mitigation options, than it is to predict absolute
contaminant concentrations a decade into the future. That is, model predictions of relative
benefits may be less sensitive to some highly uncertain processes/parameters because these
processes/parameters are common to several applications and hence errors in the way they
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are represented may cancel. By looking at applications from the beginning, a lot of extra
work may potentially be avoided. S

e (@The process of model development involves sensitivity. The charge to the peer review
panel asks whether or not this or that process/parameter is “adequate”. The answer, in part,
depends on model sensitivity (in the context of the proposed applications). We won’t be able
to fully answer these questions until we see more model-data comparisons. S

e (@Everyone has their own guidelines for developing/evaluating models, but one I like was
generating by an ASCE task committee I served on some years ago. The paper which was
generated by that committee (Ditmars, et al., 1987") includes six steps in model performance
evaluation which might be helpful to the modeling team. These steps include: MISC

Identification of problem
Relationship of model to problem
Solution scheme examination
Model response studies

Model calibration

Validation studies

Sk W=

o Despite these somewhat negative general comments, there is a lot of strength behind this
project. The suite of chosen models is quite sophisticated and each model has been
successfully applied in a number of previous cases (though unfortunately none quite like the
present). Furthermore, the modeling team and their consultants appear experienced, they
have diligently addressed a broad array of questions, and they have assembled and/or are
planning to collect a lot of field data.

e As such, I remain cautiously optimistic and look forward to viewing model results.

! Ditmars, J. D., E. E. Adams, K. W. Bedford and Dennis E. Ford, 1987, “Performance evaluation of surface water
transport and dispersion models”, J. Hydraulic Engineering, 113(8):961-980.
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Il. Response to Peer Review Questions

In considering the foregoing general issues and evaluating the EPA documents, the Peer
Review Panel shall give specific consideration to the following questions. As modeling
activities proceed, additional specific questions may be identified the panel to address.

A. Modeling Framework and Data Needs

I. Do the modeling frameworks used by EPA include the significant processes affecting
PCB fate, transport, and bioaccumulation in the Housatonic River; and are the
descriptions of these processes in the modeling framework(s) sufficiently accurate to
represent the hydrodynamics, sediment transport, PCB fate and transport, and PCB
bioaccumulation in the Housatonic River?

e (@Many of the PCBs are in floodplain areas on the fringe of the various sub-watersheds. It is
not clear to me whether these PCBs are more likely to enter the river by erosion from an
occasional flood, a process handled by EFDC, or by wash-off from more frequent rainfall
and snow melt, processes originally assigned to HSPF, but now apparently to be neglected.
FC

e (@I would like to see more information on the mass exchange coefficients (or functions)
describing sediment-water exchange. CMD

e (@I would like to see more information on near-bottom sediment conditions; e.g., the role
that any bottom fluff layer may play in sediment-water exchange. MISC

e (@Several papers have been written describing the extent of possible in situ remediation,
either natural or engineered. It is not clear how this is to be modeled. R

2. Based upon the technical judgment of the Peer Review Panel:

a. Are the modeling approaches suitable for representing the relevant external force
functions (e.g.. hydraulic flows, solids and PCB loads, initial sediment conditions, etc.),
describing quantitative relationships among those functions, and developing
quantitative relationships between those functions and PCB concentrations in
environmental media (e.g., water column, sediments, fish and other biota, etc.)?

Watershed/HSPF:

o HSPF certainly appears adequate for modeling routine flow and TSS.

e (@] originally had questions regarding the ability of HSPF to model PCB wash off. This is
because HSPF is a lumped parameter model not well-suited to simulating wash-off of

Final Written Comments—E. Eric Adams May 29, 2001 Page 4



O 0 3 O L AW N~

A A B DB DB W W W W W W W W W WK N NN DN DD DD N NN /= /e = s 1 s
AW = O 0V 0 9NN R WD R, O O 0NN DR WD, O O 0NN R WD~ O

contaminants concentrated in a relatively narrow (fringe) area of each sub-watershed. Now,
however, that has been removed from the scope (though it is not clear that the process is not
important). HSPF

e (@As noted in the response to my question 11 (Question 113), spatially resolved models such
as MIKE-SHE do exist, and could be used to compute PCB runoff from the fringe areas of
the watershed. I have not used this particular model, and am not advocating it, per se, but
hydrologists in our department are using it on comparable types of applications. MS

River/EFDC:

e (@For typical flows (within banks) modeling is relatively simple, since there is no
communication between banks and floodplains. One could go with either curvilinear
coordinates or Cartesian. My hunch is that curvilinear is better, but perhaps Cartesian is
safer. (Here it would be nice to be able to sit down with QEA and John Hamrick to more
fully discuss advantages, disadvantages, pitfalls, etc.) In either case, the resolution can be
quite small (order of 5 elements per width), momentum and mass should be conserved and
the model should be sufficiently efficient so that multiple runs can be made. GS

e (@EFDC is a generalized 3-D hydrodynamic/transport code, and not a river model per se.
Along with some of the other panel members, I am concerned about the lack of previous
applications to predict erosion and transport in complex channels and the possible need to
engage in code enhancements in the middle of a tight schedule. This sounds like interesting
research that might not bear fruit in a timely fashion. E

e (@In view of this uncertainty, other simpler models should be explored. GSTARS was
mentioned. MS

e (@Several PCB congeners or homologs, spanning a range of appropriate partition
coefficients, should be included in the EFDC simulations. As emphasized during the review
meeting, the degree of hydrophobicity could substantially affect chemical residence time.
PCB

e (@]Initial bathymetry (1980) will be developed using current bathymetry and subtracting
sediment deposition inferred from Be-7, Pb-210, Cs-137, etc. Then when the model is run
forward, the same deposited sediments will be added, presumably yielding current
conditions. While this should provide a good history of recent morphology, it is not
predictive of future changes. It is unfortunate that there are not any independent estimates of
historical bathymetry. MISC

Bioaccumulation/AQUATOX:

e (@I am not very familiar with AQUATOX, but based on the panel discussion and Park et al.
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(1999), the model may be more complicated than necessary. AQUATOX includes
ecosystem modeling that doesn’t seem necessary, when only bioaccumulation is required.
Indeed, if one assumes that the ecosystem won’t change, the relative impact of various
mitigation options should simply depend on the relative water column and sediment
concentrations. A

Interfacing:

e (@HSPF includes a relatively simple river model. As long as EFDC is going to be used to
transport PCBs in the river, it is not clear why it is necessary to develop/calibrate the river
section of HSPF. Conversely, as a first cut, it seems possible that the river section of HSPF
could be augmented to handle the transport tasks asked of EFDC. H

b. Are the models adequate for describing the interactions between the floodplains and
the river?

e (@The proposed coupling between river and floodplain is complicated and does not conserve
momentum. FC

e (@It seems like the river is the more important part. This is where most organism exposure
takes place and is the only region that AQUATOX simulates. The floodplain is not involved
during normal flows and during high flow serves principally as a sink. The high flow erodes
the channel bottom and banks, depositing sediment and PCBs on the floodplain (like a snow
blower). FC

c. Are the models adequate for describing the impacts of rare flood events?

e (@Rare flood events are difficult to simulate, because they require coupling between the
floodplains and the river. It is not clear that the proposed approach will work. But I am not
sure it is that important to fully simulate rare events. Based on data presented at the review
meeting, during high flow, flow rate and concentration may each be about ten times higher
than under average conditions, making water column transport about 100 times higher. And
if high flows occur about one percent of the time, then the time-averaged water column mass
transport under high and average conditions are about equal. But our concern is with
bioaccumulation, which is proportional to time-integrated concentration (both sediment and
water column) and not transport. The contribution of extreme events would be only 10
percent for water column and 1 percent for sediment (assuming no change in sediment
concentration). Hence bioaccumulation should result much more from exposure at average,
rather than extreme, flows. RF

e (@Floods erode channel bottoms and banks resulting in particle-sorbed PCBs being
transported downstream and sequestered in Woods Pond. Dissolved-phase PCBs liberated
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d.

during this process will simply be washed downstream. Hence high flows are helpful for
removing PCBs from the basin and errors in their representation are thus conservative. Since
we are not able to predict extreme events in other than a statistical sense, anyway, I would
think their role could be simulated with simple erosion/deposition assumptions, rather than a
complex coupling of models with nested grids, etc. RF

Are the models adequate for discriminating between water-related and sediment-
related sources of PCBs to fish and other biota?

3.Again, based upon the technical judgment of the Panel, are the spatial and temporal scales
of the modeling approaches adequate to address the principal need for the model - producing
sufficiently accurate predictions of the time to attain particular PCB concentrations in
environmental media under various scenarios (including natural recovery and different
potential active remedial options) to support remedial decision-making in the context
described above in the Background section? If not, what levels of spatial and temporal
resolutions are required to meet this need?

@I would like to see the model domain extended further upstream. I realize, as the modeling
team reiterated in their response to my question 4 (Question 106), that the present focus is
the region between the confluence and Woods Pond. However, the ongoing/proposed
remediation in the upper two miles above the PSA would provide a good basis for
model/data comparison. Can the models predict the (presumably substantial) decrease in
PCB loading arriving at the confluence following remediation? This will likely be a much
bigger perturbation (hence more valuable test of model skill) than the changes that have
occurred in the approximately 20 year period used for calibration/validation. It would also
parallel one of the potential mitigation options that could be chosen for the PSA. MD

@Similarly, while the generally lower PCB concentrations downstream of Woods Pond
imply that this region is less important from a human and ecological health standpoint,
valuable data have been collected, and it would be nice to see if the model can predict them.
Demonstrated skill in properly predicting these downstream concentrations can be used to
assert confidence in model predictions upstream of Woods Pond, including conditions after
mitigation when PCBs loadings in that region will also be smaller. MD

@From my experience, the issue of rainfall disaggregation (as input to HSPF) is critical, but
the modelers recognize this, and have identified procedures for combining local data
collected at daily intervals with more distant hourly data. Hopefully their procedures will be
validated by measurements of short-term river flow and TSS data. TS

@AQUATOX will be run with a daily time step. The response to my question 23 (Question
125) clarifies that the computational time step can be subdivided (based on an adaptive time-
stepping algorithm), but the loads will be aggregated. Since storms are important for
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transport, it is not clear if daily aggregation will be adequate. TS/L

4. Is the level of theoretical rigor of the equations used to describe the various processes
affecting PCB fate and transport, such as settling, resuspension, volatilization, biological
activity, partitioning, etc., adequate, in your professional judgment, to address the principal
need for the model (as defined above)? If not, what processes and what resolution are
required?

5. What supporting data are required for the calibration/validation of the model on the
spatial and temporal scales necessary to address the principal need for the model (as defined
above)? What supporting data are required to achieve the necessary level of process
resolution in the model?

¢ Combine answer with 6.

6. Based upon your technical judgment, are the available data, together with the data
proposed to be obtained by EPA, adequate for the development of a model that would meet the
above referenced purposes? If not, what additional data should be obtained for these
purposes?

e (@One objective of the study is to assess natural recovery. The two-year calibration period is
useful to assess model skill in simulating processes, but too short to see much natural
recovery, as the team concedes in their answer to my question 3 (Question 105) I wonder if a
larger portion of the 20-year study period should be devoted to calibration rather than
validation, or if additional data (GE or earlier EPA) should be used? C ?

e (@It is unfortunate that there are not good data available for establishing initial bathymetry.
The plan to use bathymetry and subtract sediment deposition inferred from Be-7, Pb-210, Cs-

137 seems reasonable under the circumstances, but it is not predictive. DA

e (@Bioturbation is mentioned in several places, but I have not found reference to calculated
bio-mixing coefficients. AL

e (@The current data collection program should be extended through the terms of the upstream
remediation (0.5 and 1.5 mile) activities. MD
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III. Specific Comments on the Modeling Framework Design Report and/or the
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RESPONSE TO CHARGE FOR THE
HYDRODYNAMIC MODELING PEER REVIEW

1. General Overview of Response

This is an ambitious project. The EPA in collaboration with GE seeks to develop and
apply a predictive numerical model of PCB fate and transport in the Housatonic River. Initially
this model will focus on the river reach extending for a distance of approximately 11 miles south
from the confluence of the east and west branches of the Housatonic to Woods Pond (defined as
the Primary Study Area (PSA)). This area, beginning just to the south of the GE manufacturing
facility in Pittsfield, Massachusetts, is known to contain significant concentrations of PCBs in
sediments resident within the main stem channel of the river as well as in the bordering banks
and floodplain. The model is intended to assist in the development and assessment of a variety of
remedial alternatives both active and passive.

The range of processes affecting the transport, fate, and biotic impact of PCBs in a river
system includes a multiplicity of physical, chemical and biological factors. To accommodate this
complexity the proposed model will consist of three principal sub-models; HSPF to define
watershed hydrological characteristics and the resulting streamflows and selected contaminant
fluxes, EFDC a hydrodynamic/sediment transport model and AQUATOX a PCB fate and
bioaccumulation model. The sub-models are intended to function collaboratively and to form a
relatively coherent whole with capabilities in excess of a simple summation of individual
contributions.

@The linking of three discrete numerical models to form a coherent unit is a complex
undertaking and requires in-depth understanding of the site-specific factors affecting PCB fate
and transport in the PSA both to design and implement the model and to constrain governing
parameters. In the absence of such understanding it is difficult to justify the complexity of a
multi unit model approach. The MFD begins, as it should, with a discussion of the conceptual
model forming the basis for the proposed approach. This discussion includes consideration of
selected historical data as well project specific data gathered over the past few years by EPA. In
outline the development of the conceptual model appears reasonably comprehensive.
Examination of the details however, indicates that the conceptual model exercise is seriously
deficient with many key elements remaining to be established. Weaknesses resulting from this
deficiency adversely affect all components of the MFD and call into question the need for the
proposed complex modeling scheme.

The inadequacies in the details of site assessment affecting the conceptual model
development appear to be primarily the result of limited data analysis and the absence of
hypothesis based field sampling. With few exceptions, the majority of the sampling activities
place primary emphasis on detailing the spatial distributions of PCBs, sediments, and a variety of
the geomorphological characteristics of the River and adjoining watershed. There are few studies
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dealing with system dynamics and as a result the discussion presented of the relative importance
of a variety of factors including stream meandering, the floodplain as a source or sink, bed-load
transport, and implications with respect to the long term sequestering of PCBs is largely
conjectural. This leaves entirely too many model parameters to be user specified and will
ultimately limit the utility of the model as a predictive tool.

To correct this situation and to develop a basis sufficient to justify the complexity of the
proposed modeling approach the Modeling Team must present a more closely reasoned
conceptual model supplemented by additional field work, as necessary. Using the extensive
spatial data in combination with indications from GE regarding the annual input of PCBs to the
Housatonic, the development of this model might begin with a mass balance discussion (or box
model) of the amount(s) of PCB resident in the study area and probable fluxes to and through the
system. Several bits of information presented to the Peer Review Panel suggest that the system
is quite “leaky” and that introduced PCBs move downstream rapidly. EPA comments regarding
the absence of sequestering appear to support this view. What are the implications of this
response ? One might be that effective elimination of the Pittsfield source would reduce the
downstream flux to near zero since all remaining reservoirs represent deep burial in equilibrium
with a wide range of flow conditions. This hypothesis seemingly is in the process of being tested
and needs little model support. Alternatively, one might posit that elimination of the primary
source would only slow downstream flux due to the inherent instability of the multiple
reservoirs. Here again is an hypothesis to be tested by field sampling following completion of the
ongoing source control projects. These data may show transport time scales short compared to
remedial implementation times. (i.e. before remediation/cleanup can be implemented all PCBs
will have left the PSA). It’s only if we believe that the variety of repositories of PCB in the study
area represent continuing long-term sources that detailed modeling is justified. A mass balance
review would assist in the development of a reasoned justification for the proposed model
approach.

Following initial justification, the MFD should clearly present an evaluation of each of the
primary factors affecting PCB fate and transport. Begin with a discussion of source(s) and the form
of the contaminant (NAPL, solute, particle bound, airborne, etc.) and implications re modeling.
Continue with a presentation of the transport system and the importance of all relevant factors
including suspended vs. bedload, the role of the sediment column as a source/sink, biotic mediation,
and the effect of storms. How will transport be affected by meandering ? How will meandering be
modeled? This may be rendered un-necessary since the mass balance discussion might indicate
PCB transport time scales short compared to meandering times. Move next to the matter of
floodplain dynamics and present a process based discussion of the role of this area in the transport
system. Much of what is included in the MFD with respect to the floodplain is inferential and lacks
specificity. Throughout include discussion of the role of each of these components as a factor
controlling the flux of PCB to and up the food chain. Conclude with a summary statement
describing the system that is to be represented numerically. Such a reasoned presentation would
greatly increase confidence that the proposed model complexity is justified and that the resulting
product will ultimately prove to be a valuable adjunct to remedial efforts. CMP/CMD/DC
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11. Response to Peer Review Questions
In considering the foregoing general issues and evaluating the EPA documents, the
Peer Review Panel shall give specific consideration to the following questions. As modeling

activities proceed, additional specific questions may be identified the panel to address.

A. Modeling Framework and Data Needs

I. Do the modeling frameworks used by EPA include the significant processes
affecting PCB fate, transport, and bioaccumulation in the Housatonic River; and are
the descriptions of these processes in the modeling framework(s) sufficiently accurate
to represent the hydrodynamics, sediment transport, PCB fate and transport, and PCB
bioaccumulation in the Housatonic River?

@The MFD includes consideration (or at least mention) of all significant processes
affecting PCB fate and transport in the Housatonic River. The evaluation of the relative
importance of these processes is, however, not well done. As a result, the component models
include entirely too many user specified parameters. The modeling team should present a closely
reasoned discussion of the relative importance of the variety of processes governing PCB fate
and transport in the Housatonic River. CMP

@With regard to process description, the MFD provides an adequate description of the
factors affecting river hydrodynamics and the combination of HSPF and EFDC appear able to
accurately simulate a wide range of conditions ranging from daily average to the extreme storm
event. While care must be exercised in the development of the spatial segmentation particularly
with respect to floodplain areas to insure numerical stability and mass continuity I am more
concerned with the physical basis for the selected scheme. e.g. What spatial resolution is
required to accommodate the observed variations in sediment type and/or geomorphological
form (i.e. bars, shallows, meanders). This aspect is not discussed in the MFD and it is not clear
that the required field data exist to answer the question. e.g. Review provides no indication that a
number of transects have been subjected to high density spatial sampling in order to permit
quantitative specification of the relevant spatial scales. If such data exist a short summary should
be provided in the MFD. GS/AD

@Moving next to the issue of sediment transport, the MFD discusses most of the
processes affecting erosion, transport and deposition and presents some amount of supporting
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data. The subsequent development of a conceptual model of the sediment transport regime would
benefit from high frequency time series observations of suspended material and bed load fluxes
and finer spatial sampling scales over the vertical. It is not clear, for example why all analyses of
PCB distributions began with a composite sample of the upper six (6) inches of the sediment
column. Are there data to indicate that sampling at 1in increments (or some such) shows an
essentially uniform vertical distribution ? Are these data supported by the radionuclide data ?
The combination would have some interesting implications relative to transport. CMD

@The higher resolution time series (sampling rates of N samples/day for bedload and N
samples/hour for suspended load) observations of both bed load and suspended load in
combination with the radionuclide data detailing long term sedimentation rates at several
locations throughout the PSA would permit quantitative definition of the structure and form of
the sediment water interface, critical erosion velocities, the extent of sediment recycling, and the
overall trapping efficiency of this region of the River. All represent information essential to
accurate modeling of sediment fluxes. There is no indication that such data presently exist. The
available time series data set is sparse and provides limited temporal resolution. The use of
SEDFLUME to define critical erosion velocities provides little information on the small scale
processes affecting the immediate sediment water interface and no information on the flux and
recycling of high water content suspended materials resident along the interface. These latter
materials can transport significant quantities of recently introduced PCBs and measurably affect
the storage of the contaminants within the underlying water column. Lacking an accurate
specification of the role of these materials the modeler is often forced to introduce a “transport
parameter” artificially driving PCBs from the sediment column to the overlying water in
quantities sufficient to satisfy mass balance requirements. The resulting construct often
represents a poor substitute for reality, is open to easy criticism, and typically complicates the
development of acceptable long term remedial methods. DC

@Beyond the details of the sediment transport process, the geomorphological
implications are not adequately discussed in the MFD. In particular it is not at all clear just how
the model plans to treat the matter of channel meandering, bank erosion, and the dynamics of the
River’s bars, terraces, and benches. PCBs are observed in these latter areas with introduction
apparently the result of both natural transport during high water events and man associated
placement of fill. Given the complexity of some of these components a “black box” approach
maybe the best that can be expected. Alternatively, some relatively simple site-specific
observations may provide indication that some few or all of these components can be neglected.
Of these three for example, it may be that only bar and terrace dynamics need be considered
since the transport time scales affecting meandering or bank erosion are long compared to those
characterizing the majority of the PCB transport. CMP/CMD/BSE

@The modeling of sediment transport to and through the PSA is intended to directly
complement evaluations of PCB flux and definition of the longterm potential of the area as a
contaminant reservoir and continuing source to adjoining and downstream regions of the
Housatonic River. Central to the specification of PCB flux is the definition of the source(s)
presently supplying the contaminant burden crossing the upstream boundary of the PSA. The
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MEFD provides relatively little information on source flux and contaminant form (dissolved,
particulate, acrosol, NAPL) and no discussion of manner in which the ongoing mitigation efforts
by GE and those planned in the near future by EPA will affect source characteristics. R

2. Based upon the technical judgment of the Peer Review Panel:

a. Are the modeling approaches suitable for representing the relevant external
Jorce functions (e.g.. hydraulic flows, solids and PCB loads, initial sediment
conditions, etc.), describing quantitative relationships among those functions, and
developing quantitative relationships between those functions and PCB concentrations
in environmental media (e.g., water column, sediments, fish and other biota, etc.)?

@The approach outlined in the MFD appears sufficient to accurately define streamflows
and the associated suspended material flux crossing the upstream boundary of the model. The
MFD provides no indication of just how the bedload flux is to be incorporated. One might
suspect that it will be defined using measurements of bedload obtained at a variety of
streamflows. These measurements are yet to be obtained. DC/EFDC

@Although not specifically defined in the MFD it is my understanding that the PCB flux
crossing the upstream boundary will not be a modeled parameter but rather will be specified
using EPA field data obtained over the past few years. The adequacy of this approach must be
carefully demonstrated. In addition a clear indication of just how this specification is to be
handled following completion of the ongoing source remediation efforts in Pittsfield. As stated
on a number of occasions, the remedial efforts represent an experiment in progress and full
advantage should be taken of the opportunity to document system response to a reduction in
contaminant flux. R/AD

b. Are the models adequate for describing the interactions between the floodplains
and the river?

@Nowhere is the transport system affecting floodplain PCB concentrations discussed
making it difficult to evaluate model adequacy. In particular, the role of vegetation, with the
possible exception of frictional effects, is ignored. It would appear that the floodplain is to be
treated simply as a sediment deposit with entrained PCBs. Displacement is fundamentally a
sediment transport process and is to be simulated using some estimated critical erosion
characteristics with boundary shear stress specified in EFDC. Floods bring additional particulate
load and/or serve to scour resident materials. Although this may be true to some extent there is
no doubt that vegetation plays an significant role in the process and may in fact represent the
dominant governing factor. The MFD provides no indication that this possibility has been
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considered. e.g Consider the following; is it possible that the floodplain sedimentary deposit is
essentially in equilibrium with a wide range of flows including those occurring during floods and
that the majority of the contaminant exchange process is governed by resident flora ? During
floods PCB laden sediments are carried over the floodplain and are trapped within the understory
and as a surface coating on leaves, stems, and fronds. Some fraction of these PCBs are
incorporated into the sediment column but the majority remain mobile to be progressively
washed from the surface of the floodplain by subsequent rainfall events - independent of river
stage. Even some portion of the contaminants bound within the sediment column are taken up by
plants and leave as a fraction of the detrital load in the fall and winter. Sediment transport plays a
minor, secondary, role in the overall transport process serving only as the initial source. FC/FV

Such a view has profound implications relative to modeling and ultimately remediation
and seemingly warrants discussion.

C. Are the models adequate for describing the impacts of rare flood events?

@Given the weakness of the process discussion in the MFD this remains to be seen.
Fundamentally the models appear adequate to numerically simulate the impacts of the rare flood
event. But their ability to do so accurately is uniquely dependent on the algorithms used to detail
impacts (cause and effect relationships) and the data available for calibration and verification. At
the moment the combination appears best able to establish the effects of floods on system
hydrodynamics -stage, velocity and boundary shear - at least within the main stem of the River.
I’m less confident of model ability to simulate sediment transport process leading to an accurate
specification of mass flux. HSPF should provide a reasonably accurate indication of the
boundary flux of suspended materials during a high flow event. Here the issue may be only one
of data adequacy for verification. RF @The ability to model bed-load transport across the
boundary and within and through the PSA however, remains an open question which the MFD
indicates is “under investigation”. DC @Similarly, the MFD recognizes the importance of
meandering but provides no indication of just how this process is to be treated (p.3-40). BSE

d. Are the models adequate for discriminating between water-related and
sediment-related sources of PCBs to fish and other biota?

This is a subject outside of my area of expertise.
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3. Again, based upon the technical judgment of the Panel, are the spatial and temporal scales
of the modeling approaches adequate to address the principal need for the model - producing
sufficiently accurate predictions of the time to attain particular PCB concentrations in
environmental media under various scenarios (including natural recovery and different
potential active remedial options) to support remedial decision-making in the context
described above in the Background section? If not, what levels of spatial and temporal
resolutions are required to meet this need?

@The proposed models are able to accommodate a range of spatial and temporal scales
sufficient to accurately simulate PCB fate and transport and system response to a variety of
remedial options. I would like to see a more detailed justification for the spatial scales selected
for segmentation as well as the longstream extent of the model. I'm willing to exclude the
Pittsfield area from the model domain if there is clear indication that the effects of the ongoing
remediation is being carefully monitored and that the results will be incorporated in the
definition of source and the specification of the functional relationship between streamflow and
PCB concentrations used to establish the upstream boundary conditions. As for the downstream
boundary it seems advisable to extend the model domain in the interest of efficiency and
recognition of future needs. If there are administrative reason why this is impractical and one
only considers model function, Woods Pond and the bounding dam represent acceptable
boundaries supported by a relatively long-term data set. MD

@As for the scale of the individual model element or grid, The MFD fails to provide a
process based discussion of the criteria used in the selection/specification of grid size. As
discussed above, this might include analysis of the spatial distributions of sediment/PCB along
and across selected cross-sectional transects. [ was unable to extract this information from the
data plots and suspect that it is not available. In the absence of such detailing it is impossible to
evaluate the adequacy of the specified spatial scales.GS/AD

4. Is the level of theoretical rigor of the equations used to describe the various processes
affecting PCB fate and transport, such as settling, resuspension, volatilization, biological
activity, partitioning, etc., adequate, in your professional judgment, to address the principal
need for the model (as defined above)? If not, what processes and what resolution are
required?

The theoretical rigor of the algorithms used in each of the component models is adequate
and sufficiently flexible to accommodate a wide range of processes.
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5. What supporting data are required for the calibration/validation of the model on the spatial
and temporal scales necessary to address the principal need for the model (as defined above)?
What supporting data are required to achieve the necessary level of process resolution in the
model?

@As discussed above, the modeling exercise would immediately benefit from the
addition of time series observations detailing the response of the sediment transport system at a
number of locations throughout the PSA and under a range of streamflows. These data in
combination with the radionuclide analyses of longterm deposition rates would permit
quantitative evaluation of the structure and form of the sediment water interface as well as
definition of critical erosion conditions. This combination would significantly improve the
quality of the sediment transport model and the accuracy of the associated PCB fluxes.
CMD/DC

@]In addition to the time series observations, the model effort would benefit from more
detailed analysis of the spatial patterns of the sediment/PCB distributions. The majority of the
available data appear to have been obtained on a fixed grid (e.g. three stations spanning the
channel) and not intended to detail spatial variability. Absent these data it’s impossible to
evaluate the adequacy of the proposed model segmentation. CMD

6. Based upon your technical judgment, are the available data, together with the data
proposed to be obtained by EPA, adequate for the development of a model that would meet the
above referenced purposes? If not, what additional data should be obtained for these
purposes?

See Above
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II1. Specific Comments on the Modeling Framework Design Report and/or the
Quality Assurance Project Plan.

Overall these reports are reasonably well written and clear. Given the complexity of the
issue and the number of authors involved this represents a major accomplishment. All
responsible are to be complimented.

1V. Concluding Comments

@As stated previously this is an ambitious effort. The EPA and its Modeling Team have
made an impressive start. There is real promise that their efforts to establish a basis sufficient to
permit quantitative evaluations of the factors governing PCB fate and transport in the Housatonic
River and to design an optimum remedial plan can succeed. Success however, requires careful
development of a logical model framework and the continuing acquisition of supporting data.
The required framework would increase in complexity as our understanding of processes
governing PCB fate and transport in the PSA increases. There is some indication that this fact
has been lost sight of in the development of the MFD and that the proposed multi-component
model is un-necessarily complex, on the one hand, while neglecting fundamental processes on
the other. The absence of a clear indication of a “walk before running” philosophy leads to the
suspicion that the emphasis here is on the modeling exercise rather than on the adequacy and
accuracy of the model output. This impression is best corrected by a careful process based
discussion of the PCB transport and fate in the Housatonic using all available data and an honest
critical evaluation of knowns and unknowns. My review suggests that such a presentation would
result in the proposal of a far simpler modeling scheme. Alternatively, this evaluation would lead
to additional process driven field sampling to test a variety of carefully structured hypotheses .
CMP/CMD/MS/DC
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RESPONSE TO CHARGE FOR THE
HYDRODYNAMIC MODELING PEER REVIEW

1. General Overview of Response

INTRODUCTION

@The modeling study of PCBs in the Housatonic River is a substantial undertaking, and
this is reflected in the Modeling Framework Design (MFD) report and the associated Quality
Assurance Project Plan (QAPP). These documents address a complex problem, in terms of the
modeling objectives, and in some ways succeed in developing a defensible modeling approach.
Complexities of the site and of the aquatic and terrestrial ecosystem, along with numerous
uncertainties, data limitations, and other constraints, makes the Housatonic River PCB
contamination as difficult a problem as I have seen. It has required substantial effort for the Peer
Review Panel to absorb and understand all of the elements of the MFD. The opportunities for
dialog with the EPA modeling team have been too limited to be productive. A more open
dialogue amongst the peer reviewers, and between the panel and the modeling team, would have
greatly facilitated this process. I encourage EPA and GE to revise the process prior to subsequent
iterations of peer review. PR

@] perceive the value of peer review at this stage of the project (conceptual design) to be
fairly limited. There are two reasons for this. First, you hire a modeler, not a model. By that I
mean the choice of model and modeling approach depends upon who is doing the work. We have
all invested years of effort developing expertise in at most a handful of models, gaining skill in
their use through site-specific applications. The choice of models and modeling approaches that
comprise the MFD are essentially complete once the modeling team is selected, and this bridge
has been crossed. There has appeared to be little flexibility on the part of EPA or their modeling
team to consider alternatives to the 3-model construct defined by the MFD. I hope that is not the
case, because the Panel has attempted to advance constructive comments and suggestions, with
the objective of improving the scientific defensibility and likelihood of success of the modeling
exercise. MS

@Secondly, it can be difficult to judge the success of modeling based upon prior review.
The success of modeling is judged in terms of predictions, not formulations. At best, we can
compare the overall MFD and it’s elements to models and modeling approaches which have
succeeded or failed in the past. However, it is possible that alternative models and approaches
may perform as well (or better). I have struggled with this issue through much of the MFD,
particularly with aspects of the MFD considered “avante garde” by the standards of most water
quality modelers. These include:

. the incorporation of the food web bioaccumulation simulation within an
ecosystem model,
. kinetic models of PCB partitioning to detrital (sediment) and planktonic organic
carbon,
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. parallel models for abiotic and biotic PCB transport and fate processes,
and

. the direct use of SEDFLUME experimental data to parameterize sediment
resuspension properties.

Much of the Panel’s deliberation at the Public Meeting focused on the seemingly excessive
complexity of these and other aspects of the MFD. In general, we concluded that adopting
complex or avante garde approaches to modeling required specific justification or rationalization,
and that this generally had not been provided by the MFD. The defense of the avante garde is
made by the modeling team:

New applications and linkages of existing models are not necessarily
undesirable. Development of a successful modeling framework for a challenging
problem such as the evaluation of baseline conditions and alternative PCB
remediation strategies for the Housatonic River has the potential to significantly
advance the body of knowledge for contaminant transport and fate modeling in
riverine systems.'

By itself, this is not an adequate justification for the complexity of the modeling framework. MS

@There are risks which accompany innovation; most obviously, the risk of failure. Prior success
may be the best indicator of a favorable outcome. This conservative philosophy is one basis of
the engineering discipline. Many of the comments submitted by Quantitative Environmental
Analysis (QEA) on November 30, 2000 critical of the MFD are a reflection of this conservatism.
A second risk is that if too much effort is devoted to making a new application succeed, some
other more fundamental task may be overlooked or shortchanged, possibly jeopardizing the
project. A project such as this one, where the timelines and schedule appear to be carved in
stone, is the wrong place to get creative. The tolerance for risk is much higher in the research and
development environment than it is in the regulatory arena. Since the stated objectives of this
project fall entirely within the latter, it is necessary to consider the “What if this doesn’t work?”
contingency in the event of failure. I have concluded that constructive criticism of the avante
garde approach can best take the form of suggesting what additional data collection, analytical
and modeling efforts are appropriate as contingencies. Contingency plans need to be built into
the MFD. MS/C/V

@EPA and Marasco Newton both emphasized the importance of prioritizing recommendations
in our final written comments. I believe the Panel’s most important recommendation, is to
continue a monitoring program during and after remediation in the upstream river reaches. This
should include monitoring flow, TSS/POC/DOC, and dissolved and particulate PCBs on a
regular basis, at 3-5 locations in the Study Area including the confluence, bridges, and Wood’s
Pond dam. To this should be added annual sampling of target fish species, for determination of

' EPA4 Response to Peer Review Panelist Questions on the Housatonic River Modeling Framework Design
(April 12, 2001).
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SUMMARY OF CHARGE

The following are comments in response to the Peer Review Panel’s “Summary of Charge”,
which otherwise do not seem to fit in response to the Peer Review Questions which follow:

. Are the available data sufficient for development of models of the hydrodynamics,
sediment transport and the chemistry, fate and transport, and bioaccumulation of
PCBs in the Housatonic River?

@The project data described in the MFD are insufficient for calibration and verification of
several significant processes. Data are lacking for:

Tributary boundary conditions

Bed load of sediment and PCBs

Erosion Rates (including aggrading bars/terraces and banks)
PCB partitioning

Lower food web PCB concentrations

Diet (predator/prey relationships) DC

. Are the processes in the final models calibrated/validated to the extent necessary for
prediction of future conditions?

@Accuracy of both event and long-term simulations may be difficult to demonstrate due to lack
of necessary validation data (“big event” sampling, and data quality and comparability issues
involved with measuring long-term contaminant decline). Without such data, significant model
processes will not be adequately constrained by calibration to ensure reliability of forecast
predictions. DC

. How sensitive are the models to uncertainties in the descriptions of the relevant
processes?

@AIl models are sensitive to uncertainty! They are most sensitive to unexpected/unknown
uncertainties, which unfortunately cannot be estimated. In terms of PCBs predicted in water and
sediment, the most significant (known) uncertainties are associated with the following processes:

Loadings (PCBs and suspended sediments)

Initial conditions for sediment PCB concentrations

Resuspension and deposition fluxes (especially at high shear stresses)
Sediment bed mixing and diffusion

Partition coefficients

Net loss of PCBs during overbank flood conditions

For PCB concentrations predicted in fish, additional uncertainties include:
Plankton and benthos biaccumulation relationships (i.e., BAF and BSAF predictions)
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Fish prey, dietary contaminant assimilation relative to food, and elimination rates
Sediment feeding selectivity and invertebrate uptake and elimination rates U/S

II. Response to Peer Review Questions
In considering the foregoing general issues and evaluating the EPA documents, the Peer
Review Panel shall give specific consideration to the following questions. As modeling

activities proceed, additional specific questions may be identified the panel to address.

A. Modeling Framework and Data Needs

1. Do the modeling frameworks used by EPA include the significant processes affecting
PCB fate, transport, and bioaccumulation in the Housatonic River; and are the descriptions of
these processes in the modeling framework(s) sufficiently accurate to represent the
hydrodynamics, sediment transport, PCB fate and transport, and PCB bioaccumulation in the
Housatonic River?

@In general, the MFD does identify the significant processes affecting PCB fate, transport, and
bioaccumulation in the Housatonic River. The process descriptions are also generally adequate;
as mentioned, some of the process models are excessively complex. Weaknesses in the process
descriptions are noted for the following:

. Erosion of river bank solids and PCBs (apparently this cannot be described?)

. Deposition or other losses for PCBs transported onto the flood plain,

. Partitioning of PCB transport and fate into “abiotic” and “biotic” processes,

. Food web predator/prey linkages and feeding descriptions at the base of the food web,

. Surficial sediment mixing,

. Chemical transport and fate descriptions in EFDC, and

. Some alternatives are offered to the organism-level bioaccumulation formulations and
parameterization used in AQUATOX,

. Detrital carbon sorption kinetics (i.e., desorption kinetics) model used in AQUATOX.

I would suggest discarding “Non-partitioning of PCBs” and wind-driven transport processes
from conceptual model. CMP/CMD
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AQUATOX ecosystem model

@The “classical” or conventional approach to modeling chemical bioaccumulation in
food chains and food webs (as defined by Weinenger, et al.,1983; Nordstrom, 1976; Connolly
and Thomann, 1984; Thomann, 1989; Gobas, 1993), is based on a mass balance applied at the
whole-organism level. Mass balance equations for representatives of each trophic level are
coupled in a prescribed manner by the specification of predator-prey relationships. These can be
simple or complex, including such factors as change in diet with age, season, and/or location. It
can be demonstrated, either by observation or via sensitivity analysis, that bioaccumulation of
highly-hydrophobic chemicals is very sensitive to predator-prey relationships. This is especially
true for organisms consuming a diet including both benthic and pelagic food items, because of
the large gradient in hydrophobic chemical exposure observed between water and sediment.

The accuracy and certainty of the predator-prey specification is constrained by the data
available to describe organism diet, typically gut content analyses. This approach of specifying
predator-prey relationships can be criticized for (at least) the following:

. Gut content data reflect the predator-prey relationship at a particular time and
place. Depending on the circumstances, this data may be extremely variable.
Collecting this data is labor-intensive and logistically difficult; therefore, even in
the best case, there is usually not enough gut content data to adequately define the
predator-prey relationship in a continuous manner. Although other analytical
methods (nitrogen isotope ratios, for example) may overcome some of the
discontinuity problem, the general problem of uncertainty in this specification of
predator-prey relationships remains.

. Gut content data reflect the predator-prey relationship at the time of sampling, and
have no predictive (forecasting) power other than assuming that tomorrow will be
like today. We know this not to be true, therefore bioaccumulation forecasts made
with specified predator-prey relationships will be inherently uncertain.

Several food web models have been developed which couple the bioaccumulation
process with ecosystem simulation of predator-prey dynamics. AQUATOX, BASS, and the
MCM are examples of this type of coupled ecosystem/bioaccumulation model. The ecosystem
model is used to simulate the density and/or biomass of food web organisms. The density of
different organisms serves to modify the specified prey preference of predators according to
abundance. The goal of this approach is to develop food web models which overcome both of the
limitations identified above, (namely) the use of insufficient, discontinuous measurements to
specify predator-prey relationships, and the lack of forecasting ability. Unfortunately, there are a
number of problems with this approach as well:

. A great deal of site-specific data are required to properly constrain an ecosystem
simulation, much more than will exist for an aquatic ecosystem unless great
resources are brought to bear;

. Many fish, especially top predators, may have specific prey preferences and are
essentially insensitive to prey abundance;
. Unless confirmed by gut contents data (the need for which was supposed to be

avoided), ecosystem simulation of predator-prey relationships may be no more
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(and possibly less) accurate than use of gut contents data to directly specify
predator-prey relationships;

. Especially worrisome 1is the possibility that an unconstrained ecosystem
simulation could shift the modeled predator-prey relationship towards an
unrealistic feeding scenario, for example a planktivorous fish feeding on detritus
or benthos due to the relative abundance of biomass. An error of this sort
apparently occurred in the AQUATOX application to PCBs in Lake Ontario
(Park, August 1999), when parameterization error caused amphipod biomass to
drop below the minimum level for feeding by smelt. This error in the ecosystem
simulation had an effect on PCB bioaccumulation which cascaded up through the
trophic levels.

. I am aware of no research to demonstrate that bioaccumulation predictions made
by ecosystem-based food web models are more accurate and/or reliable than
specified food web models;

. The forecasting ability of ecosystem-based food web models depends upon
whether the forcing functions (climate, nutrient and energy fluxes, fisheries
management, invasive species, ...) can be anticipated. Since this is not likely, the
best that can be done is to use the ecosystem model for bounding analysis,
something that can probably be done directly using life history data for the food
web organisms of interest.

QEA has commented that AQUATOX ecosystem dynamics (biomass change with time)
will be unconstrained by data. They argue it is better to specify diet based upon site data and
literature, and deal with uncertainty in the diet specifications. The Peer Review Panel lacks an
ecological modeler. I know I am not, so I really cannot evaluate whether the planned collection
of biomass data will adequately constrain the simulation of ecosystem dynamics in AQUATOX.
AQUATOX calibration/validation (QAPP 4.7) does include biomass as a calibration goal.

If population densities of trophic levels modeled in the AQUATOX food web cannot be
confirmed by available biomass data, trophic linkages based upon both abundance and prey
preferences will be unconstrained in the absence of site-specific diet studies. The ecosystem
dynamics incorporated in AQUATOX are otherwise irrelevant for the Housatonic River
application. The uncertainty in bioaccumulation predictions (including pelagic vs. benthic
contaminant accumulation routes) may be large (to an unknown extent), especially over annual
and longer time scales. It is crucial for bioaccumulation modeling that the trophic linkages be
realistic during simulation; an ecosystem modeling approach doesn’t appear to guarantee this.
The model must do better than “produce realistic ecosystem dynamics based on general
principles”, it must do the best job possible to describe the predator-prey relationships in the
ecosystem. The conventional engineering modeling approach appears to be simpler and less
uncertain.

To sum this up, there may be little to gain by using the ecosystem-based modeling
approach in the Housatonic River. For this application, it adds unnecessary complexity to an
already difficult modeling problem. It also specifies the collection of biomass data which is
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otherwise irrelevant to the problem at hand. These aspects are distractions from the stated
modeling objectives. Ecosystem model simulation has no direct utility in the context of the
modeling objectives; it is only relevant in terms of establishing trophic (predator/prey)
relationships. My recommendation is that the ecosystem dynamics simulated by AQUATOX be
constrained or disabled so that predator-prey interactions in the food web remain consistent with
data from other similar ecosystems, the literature, and applicable site-specific gut content studies,
and that data should be collected to validate the trophic pathways in the food web model. A/DC

AQUATOX Model Description

@I am quite familiar with AQUATOX and the contaminant-specific research it
incorporates, yet I found the model description in the MFD baffling at times. Examples:

. AQUATOX mass balance equations account for contaminant transfer associated with
deposition and erosion, but apparently not pore water diffusion nor groundwater
infiltration. Is this correct? These may be significant processes for sediment-water
contaminant exchange under low flow conditions.

. Does AQUATOX not account for accumulation of DOC in sediment pore water as a
result of detrital carbon decomposition? This differs from several other diagenesis models
I have reviewed, where detrital carbon undergoes transformation to DOC as well as COs.

. Are inorganic solids (D1, D2 and D3) treated as state variables in AQUATOX? Do they
adsorb PCBs? Is this based on assuming an organic carbon content?
. I am not sure why AQUATOX calculates non-equlibrium partition coefficients for

invertebrates (eqn. 53) and fish (eqn. 54). Is this done to address slow biphasic chemical
elimination? Otherwise, it seems to make AQUATOX inconsistent with other
bioaccumulation models for invertebrates (Morrison, Landrum) and fish (Gobas,
Thomann). Why not calculate equilibrium partition coefficients from organism lipid
content?

. Doesn’t AQUATOX use a better calculation of respiration rate (species-specific
bioenergetic) than the allometric cited from Thomann?

I recommend that this section of the MFD (Appendix D) as well as the QAPP be revised, to
make it easier to understand how AQUATOX is being applied in the Housatonic River. A

(@Other Comments and Recommendations for AQUATOX

. A whole literature exists of correlations for K., (KOM in equations 49 and 50). For the
sake of consistency, it would be worth considering results from studies where K,. was
determined simultaneously for both particulate and dissolved organic carbon phases, such
as Eadie et al. (Chemosphere, 1990).

. Elimination rates (equation 82): There has been much good elimination rate data
published for PCBs and other HOCs. Data from Sijm and van der Linde (1995), de Boer
et al. (1994), and Sijm et al. (1992) should be added to the training set for this regression.
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. Regarding the use of Swackhamer et al.’s kinetic model for phytoplankton
bioaccumulation, it would be worthwhile to update AQUATOX to reflect the use of
organic carbon as the sorbing matrix instead of lipid (Skoglund and Swackhamer, ES&T,
1999). Also, the exposure time and growth rate parameters in that model should be
coupled to the relevant variables in AQUATOX. Of course, the phytoplankton BAF
predictions must themselves be validated to data.

. Heather Morrison’s steady-state model should be considered for modeling invertebrates;
it appears to do about the best job in matching the BAFs and BSAFs observed for PCB

congeners. A

AQUATOX Sorption Kinetics

@AQUATOX incorporates a kinetic model for sediment partitioning, as opposed to the
equilibrium partitioning model used in most contaminant transport and fate models. The
limitations of the equilibrium partitioning assumption for modeling hydrophobic organic
chemicals have been discussed extensively in the literature, and have been demonstrated via
model simulations (Lick et al., 1997; Song et al., 1977), yet the assumption remains popular for a
number of reasons. First, it greatly simplifies and speeds the solution of the mass continuity
equations in the model. Second, it requires only the measurement of “standard” water quality
measurements for parameterization. And third, no generally-accepted kinetic model has emerged
from 20 years of process experimentation and modeling. The kinetic model used in AQUATOX
is Karickhoff’s reversible 2-compartment model. This model considers desorption as occurring
simultaneously from slow and rapid sorbent sites, each characterized by first-order kinetics.
Whether this approach is any better than equilibrium partitioning (or simple modifications to
equilibrium partitioning; for example, QEA’s Hudson River model) is debatable, and should be
tested in the model. As noted by Wu and Gschwend (1986 and 1988), desorption rate constants
are NOT constant over the duration of the desorption process, a complexity arising from the
distribution of particle sizes in suspended solids, as well as from non-uniform sorbate
concentrations (Gong and DePinto, 1988). Currently, most process modelers seem to prefer
distributed parameter or heterogeneous radial diffusion models. Incorporation of such kinetic
models is well beyond the capabilities of AQUATOX, as it requires high spatial and temporal
resolution, treatment of sediment hysteresis, and solution of stiff partial differential equations.

There also appears to be an error in Equation 66, the estimate of desorption rate k,. Using
a K, value appropriate for hexachlorobiphenyl, I get a desorption rate of 10°/d. This contrasts
with desorption rates of 0.1/d (Song et al., 1997) and 0.05/d (Lick et al., 1997). Maybe Equation
66 estimates desorption rates in units of seconds™? Otherwise the difference is too great to
reconcile. A/PCB

EFDC Model Description

@Process representation for PCB transport/fate in EFDC are overly-simplistic, both in
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relation to “state of the art” and the partitioning representations in AQUATOX. Simple EFDC
process representations seems inappropriate, for example lumped first-order loss rates and the
lack of 3-phase partitioning. E/PCB

Modeling Framework: EFDC (Abiotic) vs. AQUATOX (Biotic) Components

@Separation of biotic and abiotic components of PCB transport and fate is a potentially
significant weakness. This separation is artificial, and appears to be motivated by the selection of
models that (without modification) are not truly appropriate for this application. There is no such
thing as biotic and abiotic PCBs, per se. This creeps into the description of EFDC, for example:

12 EFDC will model abiotic components and AQUATOX will model
13 both biotic and abiotic components.

14

15  This code modification (to EFDC) will allow, for example, the
16  capability to define seasonal and spatial differences in the organic
17 carbon fraction of each solids class to account for winter-summer
18  differences in phytoplantkon that are included as a component of field
19  measurements of grain size distributions, TSS and POC. Specific
20  modeling of volatilization and microbial degradation in EFDC is not
21 envisioned other than as lumped first-order rates.

This separation is not as clean a separation of processes as, for example, transport/fate vs.
bioaccumulation, which has been successfully applied in PCB models for the Hudson River and
Green Bay/Fox River. Using separate programs to model abiotic and biotic transport and fate
processes is untested; success of this approach has not been demonstrated.

I think there are a number of alternatives to the PCB transport and fate model that should be
considered by the modeling team. These include:

. Modeling all PCB transport/fate in EDFC, which would appear to require only the
incorporation of a 3-phase organic carbon equilibrium partitioning model.
. Choose an alternative model which can simulate both biotic and abiotic processes;

Likewise, there are viable alternatives for modeling PCB bioaccumulation:

. Model only PCB bioaccumulation in AQUATOX (the only “biotic” PCB transport and
fate processes unique to AQUATOX are sorption kinetics and accumulation by
periphyton and macrophytes, neither of which have been demonstrated to be of
significance in the Housatonic River application)

. Choose an alternative food web bioaccumulation model more consistent with this
engineering application.

I expect that the effort necessary to develop an alternative modeling framework (based, for
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example, on EFDC and AQUATOX) would probably be less than that proposed for handling the
complex linkages that are required by the framework described in the MFD. A/E/PCB

Model Framework Linkages

@The model linkages between solids and organic carbon sorbent state variables,
are a potential weakness of the modeling framework design, and potentially a significant source
of error. While these linkages do solve the problem of incompatible state variable definitions
between models, there are a number of problems which are not adequately addressed in the
MFD:

. Several of the linkages may not conserve mass
. Several of the linkages are based on empirical relationships, which may be only
weakly predictive

The key requirement for the model linkage is the necessity to maintain a
careful mass balance of flow and constituent loads between HSPF, EFDC and
AQUATOX.

State variable linkages for solids/sorbents between models are complex procedures (models, in
effect): grain size vs. organic/inorganic particle states, BOD vs. POC, etc. “Linked” state
variables (example: organic carbon sorbents) must be calibrated/confirmed like other predicted
state variables. The intricacy of several of these linkages may lead to a great deal of effort and
potential for errors. Is the empirical approach for establishing linkages good enough to use in a
quantitative modeling framework? Seems like this has not been addressed, yet it may be
significant in overall uncertainty of modeling. Such linkages have apparently been applied in the
past in conjunction with HSPF; hopefully, this would provide some basis for discussion in the
MFD. L

@A related concern is how deposition and resuspension velocities are aggregated in both
space and time (QAPP 4.9.3.6). In particular, it is not clear how the aggregation scheme will
handle erosion and deposition occurring within the same averaging period and/or aggregated
segment. Will the individual (gross) deposition and resuspension velocities be averaged
separately for transfer to AQUATOX, or will net particle velocity (deposition - resuspension) be
averaged/transferred? This detail of the aggregation and linkage schemes must be properly
designed to ensure that the correct interaction of sediment and suspended solids in AQUATOX.
L

Data linkages from EFDC to AQUATOX
@The QAPP goes through the state variable linkages in some detail, which is good.
However, some further clarification is necessary:
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Equations 4-3 and 4-4: How good are the spatially- and temporally-dependent estimates
of TOC:TSS? Don’t you really want the POC:TSS ratios? AD
@Equation 4-3: Shouldn’t the TOC:TSS ratios be different for each PIM size class? AD

@PIM export/import: From this I assume that AQUATOX must partition PCBs onto
PIM? 1 could not confirm this from the documentation. How are these partition
coefficients determined, since by definition these particles have no organic carbon
content? A/PCB

@POM deposition/resuspension: Cohesive solids deposition and resuspension velocities
are applicable to the POM associated with fine-grained cohesive solids; they would not
for phytoplankton (unless river phyto are much smaller than diatoms). Is POM a state
variable independent of phytoplankton? Again, this is something I could not confirm in
the AQUATOX documentation A/E

@While the description of EFDM-AQUATOX linkages in the QAPP(4.9.3) refers to
erosion and deposition fluxes, in fact it is vertical particle velocities which are linked (?).
L

Data linkages from HSPF to AQUATOX

Similarly, there is need for clarification in the QAPP regarding these linkages:
@Equations 4-8 and 4-9: Is there an error in these equations (what happened to BOD)?

From the mingling of model state variables and data I cannot tell, but I suspect these
linkages do not conserve mass. If so, doesn’t this violate an objective of the MFD?
Regardless, POC and DOC boundary conditions must be calibrated and validated as
predicted states. L

Model Uncertainty Analyses

@There is some discussion of uncertainty analysis in the AQUATOX description. To be

useful in the context of the linked modeling framework, however, such analyses must consider
all aspects of the transport, fate, and bioaccumulation simulation, including uncertainty in
external forcing functions and state variable linkages. Model uncertainty should be addressed by
a combination of:

Monte Carlo analysis; preliminary, similar to sensitivity analysis (AQUATOX
description makes use of too few realizations to be quantitative)

Bayesian Monte Carlo; informative parameter distributions based on calibration
(may be computationally intensive for dynamic simulations)

Alternative bounding calibrations (although this approach can be abused by
subjective application) U

Based upon the technical judgment of the Peer Review Panel:
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a. Are the modeling approaches suitable for representing the relevant external force
functions (e.g.. hydraulic flows, solids and PCB loads, initial sediment conditions, etc.),
describing quantitative relationships among those functions, and developing quantitative
relationships between those functions and PCB concentrations in environmental media (e.g.,
water column, sediments, fish and other biota, etc.)?

@Complete and accurate loadings of solids, organic carbon, and especially PCBs is probably the
most critical factor in the success of the mass balance models. HSPF is not suitable (unless
confirmed) for prediction of upstream PCB loadings. The modeling team apparently agrees, and
has chosen to use PCB loading estimates based upon conventional regression models instead.
This is the most suitable and accepted method for representing contaminant loadings, assuming
that the necessary flow-weighted sampling has been conducted. This, of course, should be
reflected in revision of the MFD. H

b. Are the models adequate for describing the interactions between the floodplains and
the river?

@It is unclear whether the proposed linkage will correctly predict the net transport of PCBs from
the river to the flood plain. In their presentation, QEA showed results of mass balance analyses
suggesting that the magnitude of this interaction could be estimated based on PCB
concentrations measured in the river during floods. Such estimates would at least constrain the
PCB transport interactions between the floodplains and the river. FC/CMD

c. Are the models adequate for describing the impacts of rare flood events?

@Other models, based on the same tau-epsilon resuspension relationships, have been
demonstrated to accurately describe sediment transport impacts of flood events (excluding bank
slumping, overbank flow, and small-scale bed features). However, model adequacy must be
demonstrated in each system due to great variability. I am not sure that the magnitude of the
flow events sampled in 1999 is large enough for such demonstration; data is available for one 2-5
year flood. Obviously, data for a larger event would be valuable, and such monitoring should be
considered if possible. RF/DC

@It is not clear how the resuspension data provided in the Gailani et al. (September 2000) report
will be used to generate the spatially-distributed resuspension properties required to model the
sediment bed of the river and pond. The report points out that considerable variation of sediment
bulk properties and erosion rates were observed above Woods Pond, and that further effort
would be required to develop a sediment mapping of these properties and test them with a
sediment transport model. This recommendation should be pursued, in order to develop a
complete data set for resuspension properties. How well this is done may determine the success
or failure of the sediment transport simulation. SF

Page 14

Final Written Response - Douglas Endicott May 24, 2001



O 0 3 N Lt A W N~

W W W W W W W L W W NN NN DN DN DNDDNDDNDDN —~ — /= /= = = =
O 0 I O U A W N~ O 0 0 3O L h WD~ OOV JION N K LN — O

d. Are the models adequate for discriminating between water-related and sediment-
related sources of PCBs to fish and other biota?

@The question is poorly posed. Food web bioaccumulation models can simulate PCB
accumulation via sediment and water exposure routes, given appropriate information regarding
diet. See comments regarding AQUATOX food web simulation under Question 1. A

3. Again, based upon the technical judgment of the Panel, are the spatial and temporal scales
of the modeling approaches adequate to address the principal need for the model - producing
sufficiently accurate predictions of the time to attain particular PCB concentrations in
environmental media under various scenarios (including natural recovery and different
potential active remedial options) to support remedial decision-making in the context
described above in the Background section? If not, what levels of spatial and temporal
resolutions are required to meet this need?

Spatial Resolution of Models

@The spatial segmentation of the water column in AQUATOX appears reasonable, but
the same segmentation applied to the surficial sediment bed may be too coarse. Cursory
examination of the sediment PCB distribution maps, indicates that concentrations deviate in a
systematic manner between mid-channel and near-shore regimes, longitudinally within
subreaches, and with depth and location within Woods Pond. This suggests that additional
sediment segmentation may be warranted. The relationship between erosion and deposition
regimes as predicted by sediment transport model, and the AQUATOX sediment segmentation
should also be considered. If not, then AQUATOX may erroneously associate low (or high) PCB
concentrations with sediments being resuspended from a particular EFDM sediment segment.
MD/GS

@MFD does not adequately consider how long-term hindcast and forecast predictions will be
constructed, although these issues are critical to the outcome (Gailani et al., 1996; Velleux and
Endicott, 1996). Usually modelers don’t think about this until model calibration/verification is
complete; it is generally too late then!

Another issue to consider is the methodology for long-term validation:

40  Following calibration of the models using data from 1991-
41 2000, the models will then be validated by assigning initial
42 conditions based on data sets collected during 1979-1980.
43 Model validation will be based on a long-term simulation
44  beginning in 1979 and ending in 1990. The long-term

Page 15

Final Written Response - Douglas Endicott May 24, 2001



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

simulation from 1979-1990 is intended to provide validation
of the models with an independent data set. Continuation of
the validation period of the simulation through 1991-2000
then provides an additional rigorous test of the predictive
capability of the models using a continuous simulation
against data available within a 20-year period. If the models
can successfully reproduce the observed data sets over a 20-
year period, then the credibility of the model for projecting
the potential impacts of alternative remedial action scenarios
>50 year decadal time scales will be greatly enhanced.
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A reasonable approach. One question about this: What is the contingency plan in the event that
the long-term hindcast fails to validate the models? How and where will corrective action take
place? V

4.  Is the level of theoretical rigor of the equations used to describe the various processes
affecting PCB fate and transport, such as settling, resuspension, volatilization, biological
activity, partitioning, etc., adequate, in your professional judgment, to address the principal
need for the model (as defined above)? If not, what processes and what resolution are
required?

@There are various possible process representations for PCB transport and fate, which vary in
terms of complexity and theoretical rigor. However, most models have adopted representations
which are consistent with conventional principles: organic carbon-based equilibrium partitioning
in both particulate and dissolved phases, two-film resistance volatization using temperature-
dependent Henry’s constants, a well-mixed surficial sediment layer, reductive dehalogenation of
specific congeners above a saturation concentration, and molecular diffusion from pore water. As
previously noted, assumptions of equilibrium partitioning when applied to PCB desorption from
resuspended sediments is a potentially significant weakness of most models.

Models of PCB transport and fate, and underlying theory, are not sufficiently robust that
parameter values determined a priori can account for all of the site-specific variability that is
observed in critical model parameters. This is not a weakness of the models specifically, rather
an acknowledgment that all transport and fate models are imperfect representations of chemical
behavior in an extremely complex system.

In terms of PCB transport and fate, the issues of resolution and processes in questions 3 and 4
can best be addressed by taking advantage of the redundancy offered by EFDM and AQUATOX.
It seems likely that EFDC and AQUATOX predictions of water and sediment concentrations
will diverge. This will result from differences in spatial/temporal resolution, and from
differences in the transport/fate processes (and their formulation) included in each simulation.
Since these models are using different process descriptions, applied at different resolutions, to
model the same PCB mass balance, a comparison of their predictions offers an objective test. Do
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the predictions agree? Why or why not? Which model performs better? It is extremely important
to understand both the magnitude of divergence in predictions and their underlying causes. The
same PCB state variable needs to be run in both models, however, something the MFD fails to
define:

Since only selected congeners will be simulated, AQUATOX will
not simulate total PCBs and the results generated by AQUATOX
will not be compared to field observations of total PCBs.

I think it is very important that both EFDC and AQUATOX model at least one consistent PCB

state variable. Also, note the importance of verifying constant congener distribution; if
distribution varies, chemical parameters for total PCB will not be constant. PCB/A/E

Sediment Mixing and Diffusion Processes

@In all reviews of sediment mixing processes I have seen, bioturbation is primarily attributed to
the activities of benthic invertebrates. Benthic feeding by fish is mentioned by several authors as
a possible mixing mechanism, but the extent and intensity of this factor over time is highly
uncertain. Attempting to relate sediment mixing to observed carp feeding is tenuous at best. In
fact I suspect that the cause of bioturbation really doesn’t matter, as in any case the process is
parameterized in the models as the depth of the surficial mixed layer, “background”
resuspension, and lumped pore water diffusion. Some additional consideration should be given to
the 15 cm mixed depth: what is the rationale for this value? Can it be independently confirmed?
AL

@On the other hand, there appear to be inconsistencies in the MFD and the model
documentation, regarding how molecular diffusion, bioturbation, and groundwater
infiltration/percolation are represented in the transport/fate models. Are these modeled as distinct
processes, or are they limped into a single transport term? E

5. What supporting data are required for the calibration/validation of the model on the spatial
and temporal scales necessary to address the principal need for the model (as defined above)?
What supporting data are required to achieve the necessary level of process resolution in the
model?

I believe that the modeling team is well aware of the data required for model calibration and
verification. My only comment specific to this question, is that the description of AQUATOX
somewhat trivializes the importance of site-specific calibration.

Calibration and Verification of AQUATOX
@Considerable effort is required to calibrate partitioning, particle transport, and
especially bioaccumulation processes in a PCB transport and fate model. The parameterization
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and empirical relationships used to estimate parameter values, as presented in the AQUATOX
documentation, should be viewed as prior estimates which are then updated through the
calibration process. “Little calibration will be necessary for ecosystem variables in AQUATOX”
conflicts with my own experience. Models of PCB transport and fate, and underlying theory, are
not sufficiently robust that parameter vaulues determined a priori can account for all of the site-
specific variability that is observed in critical model parameters. This is not a weakness of
AQUATOX specifically, rather an acknowlegement that all transport and fate models are
imperfect representations of chemical behavior in an extremely complex system. Statements that
little calibration will be necessary in either Woods Pond or upstream river reaches seem unlikely.
River systems impacted by in-place pollutants are challenging at the least, as demonstrated by
efforts to model PCB dynamics in the upper Hudson River and the Fox River.

AQUATOX makes use of a variety of chemical parameter correlations based upon the
octanol-water partition coefficient (equations 49-54, 69-70, 72, 75, 78, 82). These correlations
are commonly used to generalize laboratory or field observations of hydrophobic organic
chemical parameters, usually under specific controlled or site-specific conditions. As such, they
are an acceptable means of generating initial (prior) estimates of chemical parameters for
transport, fate and bioaccumulation models. However, adjustment of these estimates is usually
necessary as part of the model calibration process; if the data available for validation is suitably
constraining, adjustment is almost inevitable. It is not clear from the model description whether
AQUATOX allows ready calibration of these parameters, or whether such calibration is
anticipated by the modeling team.

I am also somewhat concerned that calibration and validation of bioaccumulation
predictions in AQUATOX depend primarily upon predictions of PCB concentrations at the top
of the food chain:

The final confirmation will be in the ability to simulate the
observed PCB concentrations in the key fish species.

The test of the validity of this approach will be how effects from
the lower food web are integrated into the predicted fish
concentrations, for which there is a substantial data set.

This may leave important aspects of the bioaccumulation predictions at lower trophic levels
untested and unconstrained, including those which resolve sediment versus water column
contaminant exposure and tropic accumulation pathways. I would prefer that calibration and
validation consider predictions at all trophic levels to be important, as this would better constrain
the model. A/PCB

@Data should be collected to validate the trophic pathways in the food web model. This was not
done because:

44  Labor-intensive gut analyses and studies 